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PREFACE. 

When  the  former  edition  of  these  OutHnes  of  Phy- 
siology was  pubUshed,  I  thought  some  apology  neces- 
sary for  the  publication  of  a  new  elementary  book  on 
a  subject  on  which  several  very  valuable  and  complete 
treatises  had  recently  appeared ;  and  I  stated,  accord- 
ingly, that  the  arrangement  of  the  subject  which 
seemed  to  me  the  most  satisfactoiy,  and  which  I  had 
followed  in  lecturing  on  it,  was  different  from  that  fol- 
lowed in  any  of  these  treatises ;  and  that  in  conformity 
with  views  in  regard  to  the  dependence  of  the  different 
functions  of  the  living  body  on  one  another,  which 
seemed  to  be  legitimate  inferences  from  the  facts 
hitherto  known,  I  thought  it  possible  to  give  a  more 
systematic  form  to  the  subject  than  had  been  usual  in 
recent  publications. 

It  does  not  appear  equally  necessary  to  apologise 
for  the  publication  of  Outlines  of  Pathology  ;  because, 
notwithstanding  the  zeal  and  success  with  which  seve- 
ral departments  of  that  subject  have  been  lately  prose- 
cuted, I  have  felt  much  difficulty  in  recommending  to 
Students  of  Medicine  any  single  work  in  our  language, 
fitted  to  give  them  a  comprehensive  view  of  the  infor- 
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mation  wliich  it  appears  desirable  that  Lectures  on 
Pathology  should  convey. 

I  am  aware  that  the  term  Pathology  has  of  late 
years  been  much  employed  in  this  country  in  a  more 
restricted  sense,  as  nearly  synonymous  with  JNlorhid 
Anatomy  ;  and  that  what  were  formerly  called  Morbid 
Appearances,  left  after  any  disease,  are  now  frequently 
(although  with  little  attention  to  etymology),  termed 
Pathological  Appearances. 

But  I  do  not  think  that  this  restricted  sense  of  the 
word  Pathology  has  become  so  general  as  to  make  it 
incumbent  on  all  authors  on  the  subject  to  conform  to 
it ;  and,  if  it  were  to  be  so  generally  accepted,  I  would 
beg  to  suggest  that  it  would  be  necessary  to  devise  an-' 
other  more  general  term,  as  a  general  expression  for  all 
the  information  which  has  been  acquired  regarding 
the  causes,  the  essential  symptoms,  the  intimate  na- 
ture, and  the  consequences  of  diseased  states  to  which 
the  human  body  is  subject ;  because  it  is  quite  cer- 
tain that  much  important  information  on  these  sub- 
jects has  been  acquired  by  observation  and  genera- 
lization of  facts,  which  is  not  obtained  by,  and  could 
not  have  been  inferred  from,  any  examination  of  mor- 
bid appearances  ;  but  which,  nevertheless,  falls  strictly 
under  the  denomination  of  Pathology,  according  to  the 
use  of  that  term,  which  is  suggested  by  its  etymology, 
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and  sanctioned  by  the  greater  number  of  the  best  au- 
thors. 

The  department  of  the  Course  of  Institutes  of  Me- 
dicine in  this  University,  which  has  appeared  to  me, 
as  well  as  to  my  predecessors,  to  demand  the  fullest 
consideration,  is  that  of  Physiology  ;  but  I  have  always 
thought  it  pecuharly  the  duty  of  the  Professor  of  the 
Institutes  to  deliver  a  general  outline  of  all  the  infor- 
mation which  has  been  collected  and  generalized  in  re- 
gard to  the  functions  of  the  living  human  body,  as  per- 
formed during  health,  as  altered  by  disease,  and  as  in- 
fluenced by  remedies. 

There  is  at  present,  fortunately,  no  deficiency  of  zeal 
or  industry  on  the  part  of  the  medical  students  in  this 
or,  I  believe,  in  any  other  School  of  Medicine  in  this 
country ;  but  it  seems  to  me  that,  on  the  one  hand, 
the  number,  and  the  minute  details  of  scientific  medi- 
cal works,  are  formidable  and  perplexing  to  some  ;  and, 
on  the  other,  that  individual  portions  of  the  study, 
which  may  excite  peculiar  interest,  or  promise  early 
distinction,  attract  a  larger  share  of  the  attention  of 
others,  than  their  importance  in  relation  to  the  whole 
range  of  medical  science,  or  in  reference  to  the  practical 
objects  for  which  medical  science  is  cultivated,  will  fairly 
warrant.  On  both  accounts  it  seems  important,  that  the 
whole  extent  of  the  studies  most  intimately  connected 
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with  the  practice  of  medicine,  should  be  fairly  laid  be- 
fore the  student,  in  as  small  a  compass  as  possible.  It 
is  with  this  intention  that  the  following  Outlines  ha,ve 
been  composed ;  and  I  hope  that  the  importance  of 
giving  the  greatest  possible  extent  to  the  field  of  in- 
quiry which  is  here  marked  out,  will  be  admitted  as 
an  apology  for  some  deficiencies  in  filling  up  the  de- 
tails. 

The  objects  which  I  have  had  in  view,  in  both  de- 
partments of  the  subject,  have  been,  first  to  state  the 
facts  which  appear  to  be  ascertained,  and  the  inferences 
which  appear  to  be  fairly  deducible  from  them,  in  re- 
gard to  the  functions  of  the  living  human  body,  in 
health  and  disease;  and  secondly,  to  arrange  these 
facts  as  systematically  as  possible,  in  the  order  in 
which  the  functions,  as  existing  in  the  living  body,  in 
the  adult  state,  are  dependent  on  one  another. 

It  is  generally  avowed,  that  the  principles  of  medi- 
cine may  be  expected  to  assume  a  more  systematic 
form  as  the  science  advances  ;  but  it  seems  to  me  that 
there  is  in  many  medical  writings,  an  indifference  to 
the  establishment  of  such  genci'al  principles,  both  in 
Physiology  and  Pathology,  as  the  information  we  al- 
ready possess  sufficiently  warrants; — which  argues  in- 
attention to  the  value  and  importance  of  these  princi- 
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pies,  not  only  for  the  gratification  of  the  desire  of 
knowledge,  but  for  securing  the  recollection  and  useful 
application  of  individual  facts. 

It  seems  to  have  been  thought  by  some  physiologists 
and  pathologists,  that  a  system^ntic  form  cannot  be 
given  to  medical  science,  until  we  shall  be  able  to  give 
a  complete  explanation  of  all  the  facts  which  the  science 
comprises ;  whereas  I  think  we  are  entitled  to  treat 
the  sulyect  systematically  or  synthetically,  if  we  can 
follow  an  order  of  ascertained  dependence  of  the  func- 
tions on  one  another,  notwithstanding  that,  in  many 
parts  of  the  subject,  we  meet  with  facts  of  which  the 
explanation  is  very  imperfect. 

It  will  be  generally  agreed,  that  the  first  important 
step  in  medical  science  is  the  separation  of  the  pheno- 
mena of  the  living  body  from  all  those  which  are  com- 
prised in  the  sciences  of  Chemistry  and  Mechanics  on 
the  one  hand,  and  of  pure  Metaphysics  on  the  other  ; 
and  the  general  acknowledgment  of  the  necessity  of 
referring  all  the  facts  which  the  human  body  presents, 
in  health  and  disease,  to  laws  of  Vitality,  exemplified 
in  the  history  of  other  living  bodies,  but  not  in  other 
departments  of  nature. 

This  principle  was  recognised  in  the  favourite  posi- 
tion of  CuLLEN,  that  medical  science  must  be  found- 
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ed  on  a  knowledge  of  the  "  moving  powers  of  the  ani- 
mal economy."  But  I  think  it  certain  that  Cullen 
misunderstood  the  nature  of  these  moving  powers  in 
one  essential  particular,  viz.  in  supposing  that  the  vi- 
tal power  of  muscular  parts  is  essentially  dependent  on 
an  influence  derived  from  the  brain.. 

It  has  always  appeared  to  me,  that  the  distinctions 
of  Organic  and  Animal  life  in  general,  and  of  the  se- 
veral subordinate  Vital  Powers  or  Properties,  drawn  by 
BiCHAT,  formed  an  important  step  towards  the  forma- 
tion of  a  regular  system  of  Medical  Science  ;  but  some 
of  these  distinctions  are  somewhat  arbitrary,  and  the 
property  of  Organic  Sensibility  in  particular,  appears 
to  have  been  vaguely  defined,  and  the  share  of  the 
Nervous  System  in  determining  the  phenomena  re- 
ferred to  that  head,  to  have  been  erroneously  assumed. 

It  is  not  presuming  too  much  on  the  accuracy  of  the 
information  which  we  now- possess  on  these  subjects,  to 
assert,  that  two  errors  have  been  very  prevalent  in  ge- 
neral or  systematic  medical  works  since  the  time  that 
Medicine  has  been  separated  from  other  sciences,  and 
cultivated  on  sound  principles.  First,  the  "  moving 
powers  of  the  animal  economy,"  and  especially  the  pro- 
vince of  the  Nervous  System  in  producing  the  pheno- 
mena of  life,  which  were  long  neglected  in  certain 
schools  of  Medicine,  have  been  erroneously  conceived 
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ill  Others  ;  by  Stahl,  by  Hoffman,  by  Cullen 
and  Whytt  ;  and  to  a  certain  degree  by  Bichat,  by 
Legallois,  and  even  by  Dr  Wilson  Philip  ;  and 
were  more  accurately  understood  by  Haller,  than  by 
any  of  these  authors. 

Secondly,  besides  the  misconceptions  which  seem  to 
have  prevailed,  and  still  to  prevail,  among  many  physio- 
logists, as  to  the  essential  conditions  of  Vital  move- 
ments, and  particularly  as  to  the  influence  of  the  Ner- 
vous System  in  determining  these  movements  and  their 
immediate  effects,  it  seems  now  pretty  generally  ad- 
mitted, that  the  influence  of  the  truly  Vital  properties 
of  the  Blood  and  other  animal  fluids,  on  many  of  the 
most  important  changes  of  the  living  body,  in  health 
and  disease,  has  been  until  lately  very  much  over- 
looked-   When  these  vital  properties  of  the  fluids  are 
better .  ascertained,  and  their  importance  duly  appre- 
ciated, there  is  every  reason  to  believe,  that  the  dis- 
tinction so  often  drawn  in  the  Schools  of  Medicine  be- 
tween Solidists  and  Fluidists  will  be  eflPectually  oblite- 
rated by  the  admission,  that  most  diseases  originate  in 
that  part  of  the  system  (the  capillary  vessels)  where 
the  animal  solids  and  fluids  are  most  intimately  blend- 
ed together,  and  are  continually  interchanging  parti- 
cles ;  and  therefore  necessarily  extend  to  both. 

These  general  reflections  have  led  me  to  hope,  that 
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the  attempt  which  I  have  made  to  reduce  the  chief 
facts  of  Physiology  into  a  systematic  arrangement, — 
by  first  stating  the  laws  and  conditions  of  Vital  Con- 
tractions,— then  tracing  the  different  changes  observed 
in  the  adult  body,  in  the  order  of  their  dependence  on 
the  fundamental  function  of  Circulation, — marking  the 
departments  of  the  different  complex  functions,  in 
which  the  Vital  properties  of  the  blood,  and  the  tridy 
Vital  Affinities  subsisting  among  the  component  parts 
of  the  animal  frame  (both  solid  and  fluid)  must  be  ad- 
mitted as  an  essential  part  of  the  cause  of  the  pheno- 
mena,— and  defining  as  accurately  as  possible  the 
powers  exerted  by  the  different  parts  of  the  Nervous 
System,  in  determining  certain  of  the  phenomena,  both 
bodily  and  mental,  which  the  living  body  presents, — 
may  be  of  some  use  in  giving  simplicity,  precision,  and 
a  scientific  form,  both  to  our  knowledge  m  Physiology 
and  to  its  applications  in  Pathology. 

In  treating  of  Pathology,  however,  1  have  thought 
it  necessary  to  point  out  the  evidence,  and  dwell  re- 
peatedly on  the  importance,  of  general  facts  which  have 
been  ascertained,  as  to  the  influence  of  external  causes 
on  the  human  body,  and  the  morbid  alterations  of  ac- 
tion assumed  by  its  different  parts,  and  which  could 
no  more  have  been  anticipated  from  their  healthy  ac- 
tion, than  this  could  have  been  deduced  from  the  ex- 
amination of  the  mechanical  or  chemical  qualities  of 
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the  textures  composing  them.  And  a  similar  observa- 
tion may  be  applied  to  the  study  of  Therapeutics. 

I  am  very  sensible  that  the  pressure  of  other  duties 
has  been  frequently  injm-ious  to  the  execution  of  this 
work  ;  and  in  the  second  part  in  particular  I  now  re- 
gret the  omission  of  a  number  of  references  to  autho- 
rities, which  would  have  given  weight  to  some  doctrines 
which  may  be  considered  as  doubtful.  In  a  text-book 
for  Lectures  this  omission  is,  however,  of  no  great  im- 
portance, while  early  publication  is  essential  to  its 
usefidness  ;  and  if  these  Outlines  shall  be  honoured  by 
a  more  general  attention  from  the  profession,  I  shall 
spare  no  pains  to  correct  such  deficiencies  in  a  future 
Edition. 


CORRIGENDA. 


Page  381  line  20,  for  great  nerves,  read  great  veins, 

 417  —    9,  —  action  of  blood  read  return  of  blood 

__  605  —  27,  —  moderate  elevation  read  slight  elevation 
  464  —  27,  —  after  typhoid,  insert.  The  acute  gangrenous  inflamma- 
tion of  the  gums  and  cheek,  in  children,  called  Cancrum  Oris,  is  an- 
other striking  example  of  specific  inflammation. 
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OUTLINES  OF  PHYSIOLOGY. 


CHAPTER  I. 

PllELIMINARY  OBSERVATIONS. 

In  treating  of  Pliysiology,  we  first  consider  tlie  liA'ing 
luimau  body  when  fully  formed,  in  the  adult  state,  and  iu 
the  full  enjoyment  of  health ;  and  endeavour  to  deliver  the 
history  and  explanation,  so  far  as  is  yet  possible,  of  all  that 
takes  place  in  it,  different  from  what  takes  place  in  the  dead 
body.  Afterwards  we  explain  the  manner,  in  which  the 
body  gradually  attains  to  the  state  of  perfection  in  which 
we  first  considered  it. 

In  order  to  have  a  distinct  understanding  of  the  kind  and 
degree  of  explanation  of  which  facts  in  Physiology  admit, 
and  to  avoid  misapprehensions  and  controversies  which  have 
obscured  the  first  principles  of  the  science,  it  is  necessary 
to  attend  to  the  following  considerations. 

The  word  Life,  as  commonly  used,  does  not  denote  an 
individual  fact,  nor  a  simple  idea,  and  cannot,  therefore, 
be  defined.  It  is  applied  to  a  certain  assemblage  and  suc- 
cession of  phenomena,  Avhich  are  seen  in  a  great  variety  of 
the  objects  that  surround  us,  and  distinguish  them  from  the 
other  objects  of  our  senses.  When  these  phenomena  are 
examined  throughout  the  whole  of  Nature,  it  is  found  that 
the  most  general  and  characteristic  of  them  is,  the  continued 
appropriation  and  assimilation  of  surrounding  matter,  wbich 
we  call  Nutrition;  a  process  which  maintains  a  certain  dc- 
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finite  structure  called  Organization^ — which  originates,  in 
all  cases  that  can  he  satisfactorily  ohserved,  hy  Generation, 
— and  terminates  hy  Death. 

Having  given  this  general  description  of  what  are  called 
Living  Bodies,  we  next  observe,  that  many  of  the  pheno- 
mena exhibited  by  these  bodies  have  been  found  to  be  not 
only  inexplicable  by,  but  manifestly  inconsistent  with,  the 
mechanical  and  chemical  laws  that  regulate  the  changes, 
and  have  been  inferred  from  the  observation,  of  other  de- 
partments of  Nature.  In  so  far  as  we  can  ascertain  this  to 
be  the  case,  we  say  that  these  phenomena  are  effects  of  the 
Vital  Principle,  or  of  Vitality  ;  and  that  is  our  definition  of 
these  terms.  They  are  the  general  expression  for  those  of 
changes  occurring  in  living  bodies,  which  we  judge  to  be 
peculiar  to  them ;  and  stand  in  the  very  same  relation  to 
the  science  of  Physiology,  as  the  terms  Chemical  Affinity, 
Electricity,  Gravitation,  to  other  departments  of  Physical 
Science. 

Thus  defined,  the  notion  of  Vitality  is  not  only  admis- 
sible in  Physiology,  but  is  that  which  entitles  it  to  the 
name  of  a  separate  science.  Those  physiologists,  accord- 
ingly, who  object  to  the  substantive  term.  Vitality,  or  Prin-  ^ 
ciple  of  Life,  are  obliged  to  use  the  adjective  Vital,  which 
conveys  the  very  same  idea. 

This  notion  of  Vitality,  extending  to  all  classes  of  oi'gan- 
ized  beings,  has  no  connexion  whatever  with  the  notion  of 
Mind,  as  distinguished  from  Matter.  The  latter  is  the  cha- 
racteristic mark  of  the  Animal  Creation  only;  and  requires 
the  admission  into  the  Physiology  of  Animals,  of  a  class  of 
facts,  and  a  kind  of  evidence,  that  have  no  place  in  any  other 
physical  sciences.  Neither  does  any  opinioi^  or  conjecture, 
that  can  be  formed  concerning  the  essential  nature  of  Vita- 
lity, affect  the  conclusions  in  Natural  Theologj'^,  which  are 
drawn  from  physiological  facts ;  because  these  conclusions 
do  not  rest  on  the  mode  in  which  Vitality  is  thought  to  be 
communicated  to  living  beings,  but  simply  on  the  observed 
adaptation  of  means  to  ends,  in  the  economy  of  living  be- 
ings. 
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Some  have  conjectured,  that  the  phenomena  of  Life,  as 
they  are  seen  only  in  bodies  more  or  less  organized,  de- 
pend merely  on  the  circumstance  of  organization;  but 
when  we  inquire  how  organization  has  been  eifected,  we 
find  tliat  it  implies  in  every  instance,  where  we  can  ob- 
serve it,  the  previous  existence  of  vitality ;  and  therefore 
must  be  regarded  as  one  of  its  effects,  not  as  its  cause. 

Others  have  formed  the  supposition  of  a  material  sub- 
stance, such  as  an  ethereal  or  subtile  fluid,  superadded  to 
organization  during  life,  and  producing  the  phenomena  of 
life  ;  but  this  idea  is  both  unsupported  by  evidence,  and  use- 
less in  the  explanation  of  facts. 

Setting  aside  both  these  hypotheses,  we  hold  that  all 
physiological  inquiries  are  intended  only  to  ascertain  the 
conditions,  under  which  the  various  phenomema  of  Life  take 
place,  and  naturally  terminate  in  a  reference  to  certain 
Laws  of  Vitality,  or  ultimate  facts  in  this  department  of  Na- 
ture ;  just  as  the  investigation  and  explanation  of  pheno- 
mena in  the  inanimate  world  terminate  in  a  reference  to 
certain  Laws  of  Motion,  of  Gravitation,  of  Chemical  Affini- 
ty *,  &c.  Of  such  first  principles  in  science  we  can  give  no 
other  account,  than  that  they  depend  on  the  will  of  the 
Author  of  Nature  ;  but  the  determination  of  such  first 
principles  is  the  main  object,  and  the  applications  of  them 
constitute  the  details,  of  all  sciences ;  and  every  science  is 
thus  mainly  (ionversant  with  principles  joecM^iar  to  itself 

In  this,  as  in  other  sciences,  these  general  laws  of  na- 
ture can  only  be  ascertained  analytically,  i.  e.  by  the  slow 
process  of  observation  and  comparison  of  individual  facts; 
but  when  they  have  been  ascertained,  even  partially,  in  this 
way,  the  information  acquired  is  more  quickly  and  easily 
communicated  to  others,  by  stating  some  of  these  princi- 
ples in  the  outset,  with  short  and  simple  illustrations,  and 

•  "  The  true  and  legitimate  object  of  inquiry  for  the  physiologist  ought 
to  be,  not  what  the  Vital  Principle  is,  but  what  it  does ;  just  as  the  laws 
and  effects  of  Gravitation  are  legitimate  objects  of  inquiry,  though  we 
know  nothing,  and  probably  never  shall  know  any  thing,  of  the  principle 
of  gravitation  itself." — Prout  on  tlie  application  of  Chemistry  to  Physiology,  §-c, 

A  2 


4 


OUTLINES  OF  PHYSIOLOGY. 


then  tracing  the  facts  which  constitute  tlie  details  of  ll)e 
science  synthetically ;  as  originating,  in  part  at  least,  from 
the  operation  of  the  laws  first  laid  down,  and  then  related 
to  each  other  as  physical  causes  and  effects. 

The  science  of  Physiology  appears  sufficiently  advanced 
to  be  taught  on  this  plan.  The  physical  causes,  or  condi- 
tions requisite  for  the  performance,  of  each  of  the  functions, 
will  thus  appear,  in  part  at  least,  from  the  subjects  dis- 
cussed immediately  before  it,  and  its  final  causes  or  uses, 
from  those  discussed  immediately  after  it ;  and  several  ad- 
vantages seem  to  arise  from  this  arrangement,  particularly 
in  a  course  addressed  to  students,  who  have  already  ac- 
quired a  considerable  knowledge  of  Physiology  in  the  course 
of  their  anatomical  studies ;  but  have  not  been  accustomed 
to  regard  the  functions  of  the  living  body  systematically,  or 
as  connected  into  a  perfect  whole. 

It  seems,  indeed,  equally  expedient,  in  giving  a  systema- 
tic account  of  the  Animal  Economy,  to  follow  the  order  of 
dependence  of  the  different  functions  on  each  other,  as  it 
is,  in  explaining  the  actions  of  a  machine  made  by  art,  to 
begin  at  the  point  where  the  moving  power  is  applied,  and 
follow  the  succession  of  movements  downwards,  until  we 
come  to  that  by  which  the  desired  effect  is  produced. 

The  explanation  of  many  of  the  phenomena  of  living  ani- 
mals is  still  very  imperfect :  but  enough  has  been  done  to 
shew,  that  the  principal  laws  regulating  these  phenomena 
must  be  ranked  under  three  heads:  1.  Those  of  Vital  Con- 
tractions, by  which  the  visible  movements  of  living  animals 
are  chiefly  effected  :  2.  Those  of  Vital  Affinities,  by  which 
the  chemical  changes  peculiar  to  living  animals  are  deter- 
mined, and  their  physical  structure  maintained  :  3.  Those  of 
Nervous  Actions,  by  which  the  physical  changes  in  living 
animals  are  placed  in  connexion  with  Mental  phenomena, 
and  subjected  to  the  control  of  Mental  acts. 

Of  these,  the  vital  affinities  are  perhaps  the  most  general 
and  the  most  fundamental;  but  they  are  the  least  under- 
stood, and,  in  the  higher  animals  at  least,  their  exercise  is 
dependent  on  internal  vital  contractions;  and  the  laws  of 
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these  contractions  ure,  therefore,  properly  to  be  considered 
first. 

It  will  afterwards  appear,  that  the  vital  affinities  and 
the  nervous  actions  of  the  living  body,  are  in  a  great 
measure  subject  to  tke  same  laws,  particularly  as  to  their 
relations  with  external  agents,  as  those  now  to  be  men- 
tioned as  deduced  from  observation  of  the  vital  contrac- 
tions, which  are  more  easily  observed,  and  better  undei'- 
stood. 

The  most  important  division  of  the  phenomena  of  living 
animals,  is  into  the  departments  of  Organic  and  Animal 
LifCi  as  distinguished  by  Bichat  ;  i.  e.  into  those,  which  do 
not  imply  the  intervention  or  consciousness  of  the  Mind, 
and  those  in  which  some  act  of  the  Mind  is  essentially 
concerned ;  and  the  former  are  obviously  subservient  to  the 
latter.  This  distinction  will  always  be  kept  in  view,  but 
cannot  be  strictly  observed ;  the  more  complex  functions 
(such  as  Respiration  and  Digestion)  comprehending  pheno- 
mena which  come  under  both  heads. 

The  most  general  of  the  laws  which  regulate  the  econo- 
my of  animals,  appear  to  extend  throughout  the  whole  range 
of  Creation ;  and  all  the  vital  functions,  as  occurring  in 
Man,  may  be  illustrated  by  the  corresponding  functions,  at 
least  in  the  different  divisions  of  the  Vertebrated  Animals. 


CHAPTER  ir. 

OF  THE  LAWS  OF  VITAL  CONTRACTIONS. 

The  first  essential  peculiarity  of  the  Living  Human  Body 
which  we  consider,  is  the  Existence  of  a  Vital  Power  of 
Contraction  in  certain  of  its  Solids;  which^is  the  immediate 
cause,  not  probably  of  all,  but  of  the  more  conspicuous 
movements  that  take  place  in  it  during  life. 

We  call  this  property  or  power  Vital,  because  we  are  sa- 
tisfied of  the  failure  of  all  attempts  to  refer  it  to  chemical 
or  mechanical  principles ;  and  we  regard  it  as  an  ultim;itc 
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fact  in  Physiology,  because,  although  other  functions  of  the 
living  body  furnish  the  conditions  necessary  to  the  mainte- 
nance of  the  organic  structures  in  which  it  resides,  yet  we 
shall  find  that  no  other  functions  afford  any  explanation  of 
its  existence,  in  the  structures  so  maintained.  The  follow- 
ing appear  to  be  ultimate  facts,  or  principles,  that  have  been 
ascertained  in  regard  to  this  power. 

I,  It  is  most  distinctly  seen,  and  has  been  chiefly  studied 
in  muscular  parts,  ^.  e.  in  parts  which  consist  chiefly  of  fi- 
brin, and  have  a  fibrous  structure ;  the  visible  fibres  being 
bound  together  by  cellular  membrane  into  fasciculi,  wliich 
ai"e  generally  laid  parallel ;  and  being  divisible  by  mere  se- 
paration into  primary  filaments,  of  extreme  tenuity,  which 
have  the  appearance,  under  the  mici'oscope,  of  rows  of  glo- 
bules; although  it  is  doubtful  whether  that  appearance  is 
not  deceptive. 

This  general  description  applies  both  to  the  muscles  that 
are  subjected  to  voluntary  efforts  of  mind,  and  to  those 
that  are  exempt  from  such  influence.  But  in  some  parts, 
CA'en  of  the  human  body,  such  as  the  different  vessels,  some 
of  the  excretory  ducts,  the  skin,  perhaps  other  membranes, 
perhaps  the  lungs,  and  still  more  in  lower  animals,  vital 
contractions  take  place  in  textures  considerably  different 
from  this. 

II.  The  most  obvious  and  striking  vital  contractions 
which  take  place  in  muscles,  are  immediately  preceded  by 
the  application  of  certain  agents,  called  Stimuli,  and  ne- 
cessarily alternate  with  relaxation.  To  the  property  thus 
indicated,  the  name  of  Irritability  is  properly  restricted. 
When  this  contraction  takes  place,  the  filaments  constitu- 
ting the  muscular  fibres  assume  a  zigzag  form,  the  angles 
formed  being  always  at  the  same  points,  and  being  gene- 
rally obtuse,  but  in  the  case  of  very  forcible  contraction, 
acute;  the  fibres  become  rigid  and  elastic,  and  it  would  ap- 
pear that  they  have  a  vibratory  motion  during  the  conti- 
nuance of  the  contraction  ;  they  often  appear  to  swell  out 
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towards  their  centres,  but  experiments  shew  that  their  real 
bulk  is  not  altei*ed ;  the  change  being  in  the  relative  posi- 
tion, not  in  the  size  or  distance,  of  their  ultimate  particles. 

Even  in  the  most  distinctly  irritable  parts,  as  the  muscles 
of  the  limbs,  tongue,  heart,  bowels,  bladder,  there  are  ma- 
nifest differences  as  to  the  facility  of  excitation,  the  degree? 
strength,  endurance,  and  tendency  to  repetition  of  these 
contractions.  These  differences  are  particularly  observed 
in  the  contractions,  however  excited,  of  the  muscles  which 
are  destined  to  Involuntary  Motion,  as  compared  with 
those  of  the  muscles  w^hich  are  destined  to  be  moved  by  the 
Will.  In  the  different  classes  of  animals  there  are  still 
greater  varieties  in  these  respects. 

Various  facts,  to  be  afterwards  considered,  indicate  that 
there  is,  in  the  living  body,  an  adaptation  of  peculiar  sti- 
muli to  the  muscular  action  of  certain  organs. 

III.  There  is,  farthei",  distinct  evidence  of  the  existence, 
in  certain  living  solids,  of  a  vital  Contractile  Power,  dis- 
tinguished by  tliese  peculiarities,  that,  although  liable  to  in- 
crease from  the  action  of  stimuli,  it  requires  no  stimulus  to 
excite  it,  and  that  it  hardly,  if  at  all,  admits  of  relaxation, 
but  determines  a  certain  degree  of  permanent  contraction, 
during  life,  of  the  parts  endowed  with  it,  when  no  distend- 
ing cause  affects  them.  This  property  has  been  called  Tb- 
nicity.  It  is  exemplified  in  the  condition  of  the  sphincter 
muscles  during  life,  and  in  that  of  the  arteries  when  emptied 
of  blood.  The  extent  of  its  operation  in  the  living  body  is 
uncertain  ;  but  several  circumstances  indicate  that  all  mus- 
cular parts  possess  this  property,  as  well  as  irritability. 
Thus,  when  a  living  muscle  is  divided,  its  cut  ends  retract 
permanently,  and  farther  than  those  of  a  dead  muscle. 
When  a  limb  is  permanently  bent  by  an  injury,  its  flexor 
muscles  are  permanently  retracted,  and  remain  capable  of 
farther  occasional  contraction;  and  during  sleep,  the  limbs 
are  in  a  state  of  permanent  although  varied  flexion,  pro- 
bably dependent  on  predominance  of  the  flexor  muscles, 
and  implying  a  certain  exertion  of  their  contractile  power. 
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The  temporary  stiffening  of  the  limbs  after  dcatli,  appears 
to  be  a  last  exertion  of  this  vital  power  of  Tonicity  in  their 
muscles. 

IV.  The  exercise  of  all  vital  power  of  contraction  in  ani  - 
mal Solids,  is  essentially  dependent  on  the  penetration  of 
their  substance  by  a  nutritious  Fluid,  which  must  have  been 
not  merely  absorbed  from  without,  but  in  some  degi-ee 
changed  or  assimilated  within  the  living  body  itself.  ^Vllen 
the  supply  of  the  nutritious  fluid  fails,  or  is  vitiated,  the 
organization  of  the  living  solids  is  injured,  and  their  power 
impaired.  And  the  circulation,  and  perhaps  also  the  vivi- 
fying power  of  the  nutritious  fluid,  is  still  more  imme- 
diately dependent  on  its  regular  exposure  to  Air. 

There  is  great  variety  in  difl'erent  animals,  as  to  the  fre- 
quency or  rapidity  of  the  supply  of  this  aerated  fluid  re- 
quired for  maintaining  the  vitality  of  the  solids.  It  is  on 
this  circumstance  that  the  essential  distinction  of  warm- 
blooded and  cold-blooded  animals  depends ;  and  a  similar 
diff'erence  exists  in  a  still  greater  degree,  in  the  difl'erent 
states  of  those  animals,  which  are  sometimes  in  activity 
and  sometimes  torpid. 

The  supply  and  the  purification  of  the  nutritious  fluid 
are  accomplished,  in  the  order  of  things  now  established  on 
earth,  first  by  the  living  actions  of  the  progenitor  of  each 
organized  body,  during  the  time  that  its  own  organs  are 
gradually  developed ;  and  afterwards  by  the  living  action 
of  certain  parts  of  each  body  itself,  viz.  of  the  organs  of  di- 
gestion, respiration,  and  circulation.  These  conditions  of 
the  vitality  of  living  solids,  therefore,  enable  us  to  under- 
stand the  necessary  dependence  of  life  on  previous  life, 
throughout  the  generations  of  living  animals;  but  how  these 
conditions  were  fulfilled  in  the  commencement  of  the  ex- 
istence of  the  first  individuals  of  each  species,  nothing  that 
we  now  see  of  their  economy  enables  us  to  conceive. 

It  appears  certain  that  an  origin  must  have  been  given 
to  each  of  the  tribes  of  animals  now  inliabiting  the  earth's 
surface,  at  no  very  distant  time,  by  an  exercise  of  power, 
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such  as  had  not  previously,  and  has  not  since  been  exhibited; 
independent  of,  and  superior  to,  the  laws  which  regulate 
the  changes  that  we  now  see  around  us.  Nor  is  this  con- 
clusion at  all  invalidated  by  the  supposition,  which  some 
physiologists  entertain,  of  an  organizable  matter  continual- 
ly existing,  and  assuming  diflferent  forms  at  different  times, 
entering  into  the  composition  of  other  organized  bodies  im- 
mediately on  the  dissolution  of  those  in  which  it  had  pre- 
viously existed;  because,  even  if  that  supposition  were 
established  as  a  matter  of  fact,  still  the  laws  by  which  that 
organizable  matter  forms  organic  compounds,  appear,  from 
the  consideration  above  stated,  to  vaiiy  in  the  different  ages 
of  the  world,  and  to  be  variable  at  the  pleasure  of  the  Author 
of  Nature. 

V.  The  Irritability  of  many  muscles  is  excited,  not  only 
by  stimuli  applied  to  themselves,  or  to  the  membranes  in- 
vesting them,  but  also,  with  equal  or  even  greater  facility, 
by  stimuli  applied  to  Nerves  which  enter  them,  or  to  cer- 
tain parts  of  the  Spinal  Cord,  or  Brain,  provided  the  ner- 
vous communications  of  these  parts  with  the  muscles  be  en- 
tire. And  farther,  certain  injuries  of  the  brain  or  spinal 
cord  have  power  directly  and  instantaneously  to  impair,  or 
even  destroy,  the  vital  power  of  muscles  themselves.  Vo- 
luntary acts  of  the  mind  act  on  muscles  precisely  on  the 
same  footing  with  physical  agents  of  the  first  class  now  de- 
scribed ;  and  certain  feelings  or  passions  of  the  mind  seem 
to  act  in  like  manner  as  those  of  the  second  class. 

These  facts  have  naturally  led  to  much  speculation  re- 
garding the  connexion  between  the  Nervous  System  and  the 
vital  power  of  the  moving  solids  of  the  living  body. 

Two  theories  on  this  subject  have  been  so  generally 
adopted  in  the  Schools  of  Medicine,  that,  although  unsup- 
ported by  adequate  proof,  they  demand  attention. 

The  first  is,  that  all  muscular  parts  derive  a  supply  of 
some  kind  of  influence  or  energy  from  tlie  brain  or  spinal 
cord,  through  the  nerves,  which  enables  them  to  contract, 
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or  renders  them  irritable.  The  second  is,  that  muscles,  al- 
tliougli  not  actually  drawing  supplies  of  vital  power  through 
their  nerves,  are  yet  dependent  on  nerves  for  every  occasion  of 
the  exercise  of  that  power — all  stimuli,  which  excite  muscles 
to  contraction,  acting  first  on  the  nervous  filaments  which  en- 
ter muscles,  and  through  them  on  the  muscular  fibres. 

To  the  first  of  these  opinions  the  following  appear  to  be 
insm'mountable  objections. 

1.  Indications  of  a  vital  power  of  contraction  are  a  much 
more  general  fact  in  nature  than  the  existence  of  nerves, 
being  seen  not  only  in  the  lowest  class  of  animals,  where 
the  existence  of  a  nervous  matter  is  still  doubtful,  but  also 
in  vegetables. 

2.  The  human  foetus  has  often  come  to  the  full  size  (im- 
pljang  long  continued  exertion  of  contractile  power  in  the 
organs  of  its  circulation)  without  a  brain,  and  sometimes 
without  either  brain  or  spinal  cord;  and  in  all  cases,  during 
the  growth  of  the  foetus,  the  formation  of  vessels  precedes 
that  of  nervous  matter,  and  the  organs  of  circulation  are  in 
full  operation,  when  the  larger  masses  of  the  nervous  sys- 
tem are  still  very  imperfectly  developed. 

3.  The  involuntary  motions  of  the  organs  of  circulation 
have  been  found  by  many  physiologists  to  continue  vigo- 
rous, even  in  warm-blooded  animals,  after  the  removal  of 
the  brain,  or  even  of  both  brain  and  spinal  cord,  provided 
that  the  exposure  of  the  blood  to  the  air  is  secured,  by  the 
substitution  of  artificial  for  the  natural  respiration  (which 
being  undoubtedly  and  directly  dependent  on  the  brain, 
necessarily  ceases  on  its  removal).  And  in  these  circum- 
stances, when  circulation,  after  some  hours,  does  come  to  a 
stand,  it  is  chiefly,  as  it  would  seem,  because  the  artificial 
is  only  an  imperfect  substitute  for  the  natural  respiration. 

4.  No  interruption  of  the  contractions  of  the  heart,  or 
other  strictly  involuntary  muscles,  has  ever  been  produced  by 
cutting  the  nerves,  by  which  they  are  immediately  supplied. 

3.  Although  the  muscles  destined  to  voluntary  motion 
are  no  longer  moved  by  the  will,  after  the  section  of  their 
nerves,  they  continue  thereafter  to  shew  then-  irritiibility,  on 
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the  application  of  stimuli  to  themselves,  or  to  their  nerves 
below  the  section,  as  long  as  their  nutrition  and  organiza- 
tion continue  pretty  entire  ;  and  contractions  may  be  ex- 
cited by  direct  and  continued  irritation  in  the  muscular 
fibres,  fully  as  long  in  muscles  of  which  the  nerves  have 
been  cut,  as  in  those,  the  communication  of  which  with  the 
brain  and  spinal  cord,  through  the  nerves,  is  entire*. 

Ao-ain,  to  the  second  of  the  theories  above  stated,  it  ap- 
pears  a  suflScient  objection  to  state,  that  our  only  reason 
for  supposing  an  intervention  of  nerves  to  be  concerned  in 
muscular  contraction,  is  the  excitation  of  that  conti-action 
by  stimuli  applied  to  nerves.  But  a  conclusion  which  is 
rested  on  this  fact,  must  be  limited  to  the  cases  in  which 
this  fact  holds  good.  Now,  there  are  many  muscles  (viz.  all 
or  almost  all  those  that  are  destined  to  involuntary  motion 
only),  which,  although  exceedingly  irritable,  are  not  ex- 
citable by  mechanical  irritation  of  their  nerves.  Even  Gal- 
vanism, applied  exclusively  to  the  nerves  of  these  muscles, 
has  generally  failed  to  excite  them  ;  and  in  the  instances 
where  galvanism,  so  applied,  has  had  some  effect,  it  appears 
probable  that  the  nerves  acted  only  as  conductors  of  the 
galvanism  to  the  muscular  fibres  themselves.  When  ex- 
perience shews,  that  some  muscles  are  excitable  by  irrita- 
tion of  their  nerves,  and  others  not,  we  cannot  acquiesce 
in  the  proposition,  that  nerves  furnish  a  condition  essential 
to  the  irritation  and  vital  action  of  muscles  in  general. 

We  must  therefore  set  aside  both  the  hypotheses  above 
mentioned;  and  in  so  doing,  we  necessarily  limit  the  mean- 
ing of  the  terms  "  Nervous  Energy,  Nervous  Influence,  In- 
nervation," &c.  in  reference  to  the  connexion  of  vital  move- 
ments with  nerves,  to  a  degree  of  which  many  of  those 
who  use  these  terms  do  not  seem  to  be  aware. 

It  remains  that,  on  this  point,  we  acquiesce  in  the  judg- 
ment of  Haller  f,  as  the  only  generalization  yet  admissi- 
ble of  the  facts  known  in  regard  to  it,  viz.  That  the  vital 
power  of  Muscles  is  inherent  in  themselves^  and  in  no  case 

•  Wilson  Philip,  Experimental  Inquiiy,  &c.  p.  99. 
t  See  particularly  Elem.  Physiol,  lib.  17,  sect.  2,  §  7. 
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dependent  on  Nerves;  but  is  liable  to  affection  in  two  distinct 
Avays,  by  changes  in  certain  parts  of  the  Nervous  System, 
whether  these  are  produced  by  physical  or  mental  causes ; 
— being  directly  excited  in  many  muscles,  and  increased  or 
diminished,  or  variously  altered,  probably  in  all  muscles,  by 
such  changes. 

That  sudden  increase,  diminution,  or  even  destruction, 
of  vital  motions,  may  be  produced  by  certain  physical  im- 
pressions, made  on  portions  of  the  nervous  system  which 
are  nevertheless  not  essential  to  these  motions,  and  which 
may  be  removed  from  the  body  without  stopping  them,  is 
well  illustrated  by  the  experiments  of  Legallois  and  of  Dr 
Wilson  Philip  on  the  brain  and  spinal  cord;  and  the  cor- 
responding eflfect  of  certain  involuntary  mental  acts  on 
muscular  movements,  requires  no  illustration.  Those  causes, 
acting  on  the  nervous  system,  which  augment  the  contrac- 
tile power  of  muscles,  and  invigorate  muscular  motion,  have 
been  called  Stimuli,  but  are  more  properly  called  Stimu- 
lants ;  and  the  opposite  depressing  power  of  such  causes, 
is  expressed  by  the  term  Sedative. 

The  direct  excitation  of  muscular  contraction  by  changes 
in  the  nervous  system,  is  seen  chiefly,  perhaps  exclusively, 
in  those  muscles  that  are  destined  to  be  moved  by  the  will. 
The  increase  or  diminution  of  vital  power  by  such  causes, 
is  seen  chiefly  in  those  muscles  that  are  unaff"ected  by  ef- 
forts of  the  will.  The  essential  difference  of  these  classes 
of  muscles  seems  to  depend  on  the  different  endowments  of 
the  nerves  entering  them.  And  the  final  cause  of  all  en- 
dowments bestowed  on  nerves  in  the  living  body,  in  rela- 
tion to  muscles,  appears  to  be,  not  to  make  muscles  irritable, 
but  to  subject  their  irritability,  in  different  tvays,  to  the  do- 
minion  of  the  acts  and  feelings  of  the  Mind. 

VI.  In  all  animals,  and  indeed  in  all  organized  beings, 
vital  movements  are  seen  only  within  certain  limits  of 
Temperature,  aud  arc  stopped  cither  by  its  elevation  or  de- 
pression beyond  a  certain  point;  whicli,  however,  varies 
greatly  in  diff"crent  kinds  of  animals.    Tliis  difference  is 
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observed  not  only  in  the  degree,  but  also  remarkably  in  the 
permanence,  of  the  effects  of  the  Cold  on  different  ani- 
mals ;  the  vital  movements  in  some,  when  once  much 

weakened  by  cold,  being  never  restored ; — while  in  many 
others,  they  are  nearly  or  quite  at  a  stand  for  a  length  of 
time,  in  the  state  of  hybernation  from  cold,  and  are  gra- 
dually resumed  whenever  the  temperature  is  again  raised. 

Within  the  limits  suited  to  each  animal,  it  is  a  general 
principle  that  Heat  acts  as  a  stimulant,  arid  Cold  as  a  se- 
dative, to  all  vital  motions.  But  the  effect  either  of  heat 
or  cold  on  these  motions  appears  to  depend,  not  so  much 
on  the  absolute  degree  of  temperature  that  is  applied  on 
any  occasion,  as  on  the  amount  of  change  undergone  du- 
ring its  application ;  and  is  therefore  determined  in  a  great 
measure  by  the  previous  state  of  the  temperature.  And 
this  is  obviously  one  of  the  reasons  why  Cold,  itself  a  seda- 
tive agent,  should  often  really  and  powerfully,  though  in- 
directly, invigorate  muscular  action  ;  viz.,  by  giving  a  sti- 
mulant influence  to  subsequent  applications,  even  of  the 
usual  heat  of  the  body. 

The  vital  power  of  muscles  is  also  much  and  variously 
affected  by  other  agents,  particularly  by  Electricity,  and 
by  various  Poisons,  whatever  the  channel  of  communica- 
tion may  be,  by  which  these  agents,  when  applied  to  the 
living  body,  affect  the  different  muscular  organs. 

VII.  The  vital  power  of  muscles  is  found  to  undergo  re- 
markable alterations,  in  consequence  of  the  degree  in 
which  it  is  itself  exercised.  On  this  point,  likewise,  im- 
portant misconceptions  and  erroneous  theories  have  pre- 
A-^ailed. 

The  immediate  effect  of  frequently  repeated  excitation 
of  any  muscle,  by  physical  stimuli,  is  a  diminution,  or 
what  has  been  called  Exhaustion,  of  its  Irritability ;  and 
the  same  effect  evidently  results  from  such  repeated  or 
long-continued  efforts  of  the  Will,  as  cause  fatigue  of  the 
voluntary  muscles.  But  it  is  by  no  means  certain  that  all 
increased  action,  especially  such  as  implies  real  augmenta- 
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tion  of  vital  power,  observed  chiefly  in  involuntary  muscles 
(whetlier  from  changes  in  the  nervous  system  or  from 
other  causes),  is  necessarily  followed  by  any  correspond- 
ing depression.  The  peculiar  effect  of  poisons,  such  as 
alcohol  or  opium,  which  first  augment,  and  afterwards  de- 
press, the  action  of  the  organs  of  circulation,  does  not,  as 
has  been  often  supposed,  furnish  any  proof  of  the  conse- 
quences vvhicli  necessarily  result  from  the  mere  circum- 
stance of  increased  action  itself;  and  in  the  case  of  ex- 
ercise,— of  mental  excitement, — and  in  the  course  of  dif- 
ferent febrile  and  inflammatory  diseases, — we  have  ex- 
amples of  greatly  increased  action  of  the  heart,  without  any 
decidedly  debilitating  eff'ect  on  the  heart's  actions  neces- 
sarily following.  The  doctrine  of  increased  action  neces- 
sarily in  all  cases  lowering  or  exhausting  the  irritability  of 
muscles,  particularly  as  applied  to  the  involuntary  motions, 
is  therefore  by  no  means  an  established  principle. 

In  so  far  as  the  irritability  of  muscles  is  diminished  by 
excitement,  it  is  restored  by  rest  ;  but  the  supposition  of 
farther  increase  ov  accumulation  of  irritahility  from  long  con- 
tinued 7'est,  corresponding  to  its  exhaustion  by  excessive 
action,  although  insisted  on  by  various  physiologists,  ap- 
pears to  be  quite  unsupported  by  facts  ;  and  the  phenomena 
thought  to  indicate  such  accumulation  of  vital  power,  in 
contractile  parts  kept  long  at  rest,  are  explained  on  other 
principles.  For  example,  the  greater  stimulating  eff'ect  of 
Heat,  applied  after  cold  of  some  duration,  is  evidently  to 
be  ascribed  to  the  greater  amount  of  change  of  temperature, 
which  its  application  then  implies. 

Although  the  immediate  eff'ect  of  strong  excitement  of 
muscles  is,  in  many  cases,  a  diminution  of  their  power,  yet 
the  ultimate  effect  of  repeated  excitement,  with  intervals  of 
repose,  is  to  augment  both  the  bulk  and  strength  of  mus- 
cular fibres,  and  facilitate  the  subsequent  excitement  of 
moving  parts,  whether  voluntary  or  involuntary.  The  ap- 
plications of  this  last  principle,  both  in  Pathology  and 
Therapeutics,  are  very  important. 
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VIII.  Tlie  Vital  Power  of  muscles  undergoes  gradual 
alterations  during  the  whole  progress  of  life,  being  most 
easily  excited,  or  shewing  the  greatest  degree  of  mobility^ 
in  young  animals;  becoming  gradually  stronger,  but  less 
easy  of  excitation,  in  adults;  and  afterwards  undergoing  a 
diminution  both  of  strength  and  of  mobility.  But  as  these 
variations  are  attended  by  gradual  alteration  of  the  organi- 
zation of  the  moving  parts,  it  is  probable  that  the  primary 
change  is  in  the  vital  affinities,  by  which  these  are  nourish- 
ed and  maintained,  rather  than  in  the  vital  power,  by 
which  they  are  animated. 


The  movement  of  the  fluids,  in  all  the  higher  classes  of 
animals,  is  in  a  great  measure  dependent  on  vital  contrac- 
tions in  certain  of  their  solids,  and  may  be  therefore  re- 
garded as  the  first  and  most  important  consequence  of  the 
exercise  of  the  Vital  Power  which  we  have  considered. 
This  subject  naturally  divides  itself  into  two  parts  ;  first, 
the  moA^ement  of  the  mass  of  blood  in  the  heart,  arteries, 
and  veins,  or  the  Function  of  Circulation  ;  and,  secondly, 
the  continual  evolution  of  matters  from,  and  absorption  of 
matters  into,  the  mass  of  blood,  or  the  Functions  of  Nutri- 
tion, Exhalation,  Secretion,  and  Absorption ;  to  which  the 
Circulation  is  subservient,  and  on  which  all  the  other  func- 
tions are  dependent. 


CHAPTER  III. 

OF  CIRCULATION. 

A  REGULAR  supply  of  a  nutritious  fluid,  recently  exposed 
to  the  air,  is  a  condition  essential  to  the  maintenance  of 
the  vital  phenomena,  not  only  in  the  moving  solids,  as  al- 
ready stated,  but  in  all  other  parts  of  living  bodies,  whc- 
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ther  belonging  to  the  organic  or  animal  life,  and  in  all 
classes  of  animals.  But  it  is  important  to  bear  in  mind, 
that  it  is  only  in  the  higher  classes  of  animals  that  this  es- 
sential condition  of  all  vital  action  is  fulfilled  by  means  of 
a  Circulating  System ;— the  nourishment  even  of  complex 
structures,  in  the  class  of  Zoophyta,  and  in  many  of  the 
Articulated  animals,  being  effected,  as  is  believed,  simply 
by  imbibition  and  transudation  through  porous  solids. 

The  circumstance  in  the  animal  economy,  which  appears 
chiefly  to  impose  the  necessity  of  a  distinct  circulating 
System,  is  the  appropriation  of  a  separate  organ  to  the  of- 
fice of  regularly  exposing  the  fluids  to  the  air  ;  and  this 
again  is  demanded  by  such  occasion  for  strength  and  soli- 
dity in  certain  parts  of  the  frame,  as  precludes  the  possi- 
bility of  free  admission  of  air  to  the  fluids  in  all  parts 
of  the  body,  such  as  takes  place  in  some  of  the  lower 
classes.  A  complex  frame,  capable  of  exertions  of  strength, 
and  of  resistance  to  injury,  a  separate  respiratory  organ, 
and  a  regular  circulating  system,  are  therefore  very  gene- 
rally, if  not  necessarily,  combined  throughout  the  animal 
creation  *.  And  in  all  warm-blooded  animals,  the  cir- 
culating system  is  to  be  regarded  as  merely  the  channel 
of  communication  between  the  capillaries  of  the  lungs, 
where  the  blood  is  prepared  by  the  action  of  the  air,  for 
the  maintenance  of  the  different  functions  of  life,  and  the 
capillaries  of  the  rest  of  the  body,  where  it  is  applied  to  the 
support  of  these  different  functions.  The  collection  and  con- 
centration of  the  blood  at  the  heart  are  manifestly  intended 
to  subject  it  to  the  action  of  a  strong  muscle,  and  thereby 
secure  its  transmission,  with  adequate  force  and  precision, 
through  the  different  sets  of  capillary  vessels;  and  the 
juxta- position  of  the  two  portions  of  the  heart,  which  move 
the  blood  to  and  from  the  lungs,  appears  to  be  merely  a 
matter  of  convenience. 

In  treating  of  the  Circulation,  we  first  state  the  course 
followed  by  the  blood  in  the  living  body,  with  the  evi- 

•  CuvTEH,  Ley.  i.  Art.  4. ;  and  Ley.  xxiii.  Sect.  ii.  Art.  5. 
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dence  by  which  this  course  is  demonstrated ;  and  then  we 
consider  the  nature  and  efficacy  of  the  agents,  by  which 
this  movement  of  the  blood  is  produced. 

During  the  living  state,  all  the  blood  which  is  contained 
in  very  minute  or  Capillary  Vessels,  in  every  part  and  in 
almost  every  texture  of  the  body,  gradually  makes  its  way 
into  Veins,  and  along  them,  passing  from  those  that  are 
more  numerous  and  smaller,  into  those  that  are  less  nu- 
merous and  larger,  till  it  reaches  the  anterior  or  right 
auricle  of  the  Heart,  by  the  vense  cavse  and  coronary  vein, 
and  distends  that  cavity.  By  the  contraction  of  this  auri- 
cle it  is  driven  into  the  right  ventricle,  and  by  the  contrac- 
tion of  this,  into  the  pulmonary  artery,  by  the  numerous 
branches  of  which  it  is  distributed  among  the  minute 
capillaries  of  the  Lungs,  to  be  exposed  to  the  air.  From 
these,  it  again  passes  along  an  ascending  series  of  vessels 
contained  in  the  lungs,  until  it  emerges  from  them  to 
enter  the  four  pulmonary  veins,  which  lead  to  the  cavity 
of  the  posterior  or  left  auricle  of  the  heart.  By  the  con- 
traction of  this  auricle,  simultaneous  with  that  of  the  right 
auricle,  it  is  forced  into  the  left  ventricle ;  and  by  the  con- 
traction of  this,  simultaneous  with  that  of  the  right  ventri- 
cle, it  is  forced  into  the  Aorta,  by  the  numerous  branches 
of  which  it  is  gradually  conveyed  into  the  capillaries,  that 
pervade  the  various  organs  and  textures  of  the  body. 

That  this  is  the  real  course  of  the  blood,  is  proved  by 
various  facts,  but  especially  by  the  following : — 

1.  By  the  observation  of  the  successive  distention  of  the 
venae  cavse  near  the  heart,  of  the  auricles,  and  of  the  ven- 
tricles, in  living  and  warm-blooded  animals,  taking  place 
in  the  order  above  stated, — and  by  the  observed  passage  of 
the  blood  through  these  cavities,  in  those  lower  animals 
that  have  hearts  similarly  formed  (although  single)  and 
translucent. 

2.  By  the  observed  passage  of  the  blood  from  the  minute 
capillary  arteries  into  the  beginnings  of  the  veins,  in  the 
translucent  textures  of  different  fishes  and  reptiles,  which 
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have  a  circulating  system  similarly  formed  to  that  of  the 
higher  classes,  although  single. 

3.  By  the  structure  of  the  valves,  at  the  heart  and  in 
the  veins,  necessarily  prohibiting,  or  greatly  impeding, 
movement  along  the  vascular  system  in  the  opposite  direc- 
tion from  that  above  stated. 

4.  By  the  effect  of  ligatures,  and  of  punctures  made 
above  and  below  ligatures,  in  the  larger  arteries  and  veins ; 
the  former  swelling  out  and  giving  a  free  jet  of  blood 
within  the  ligatures,  and  the  latter  beyond  them. 

5.  By  the  quantity  of  blood  which  may  be  rapidly  dis- 
charged from  a  wound  below  a  ligature  on  the  vein  of  a 
limb ;  which  is  so  great  as  to  demonstrate  that  the  vein 
must  have  a  continual  supply  of  blood  from  the  arteries  of 
the  limb. 

6.  By  the  effect  of  injections  into  living  arteries  and 
veins,  making  their  way  readily,  and  easily  filling  the 
vessels,  when  thrown  in  the  direction  of  the  circulation  as 
described,  but  strongly  resisted  when  forced  in  the  opposite 
direction. 

The  structure  and  actions  of  the  Heart,  the  chief  mus- 
cular agent  in  this  process,  and  the  first  of  the  powers,  by 
which  the  movement  of  the  circulating  fluids  in  the  adult 
state  are  effected,  first  demand  our  attention.  Its  oblique 
position  within  the  pericardium,  in  the  fore  part  and  left 
side  of  the  thorax, — its  irregular  conical  form,  flattened 
posteriorly, — its  division  into  two  parts  by  the  septum,  and 
the  form,  size,  and  relative  position  of  the  right  or  anterior, 
and  of  the  left  or  posterior,  auricle  and  ventricle, — the 
termination  of  the  great  veins  in  the  auricles,  and  origin  of 
the  great  arteries  from  the  ventricles, — the  lining  of  the 
muscular  texture  of  the  heart  by  two  serous  membranes, 
the  external  reflected  from  the  inner  layer  of  the  peri- 
cardium, and  the  internal  continuous  with  that  which  lines 
the  bloodvessels, — are  all  supposed  to  be  made  known  by 
the  study  of  Anatomy. 

The  muscular  fibres  of  the  auricles  of  the  heart  are  quite 
distinct,  and  easily  separable  (after  long-continued  boiling) 
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from  those  of  the  ventricles  ;  and  the  part  of  the  heart 
which  may  be  regarded  as  the  fixed  point  or  pivot  of  its 
movements,  is  the  point  between  the  posterior  groove  on 
its  surface  and  the  origin  of  the  aorta,  where  the  muscular 
fibres,  constituting  the  septum  of  the  auricles,  are  set  upon 
those  which  form  the  septum  of  the  ventricles.  The  con- 
tractions, both  of  auricles  and  ventricles,  tend  to  bring  all 
other  parts  of  the  heart  nearer  to  this  fixed  point.  The 
texture  found  at  this  point  is  tendinous ;  and  in  immediate 
connexion  with  it,  are  the  tendinous  rings  (partly  bony  in 
some  animals)  which  surround  the  origin  of  the  aorta  and 
pulmonary  artery,  and  the  openings  between  the  auricles 
and  the  ventricles.  From  these  tendinous  parts  most  of 
the  fibres,  constituting  the  muscular  parietes  of  the  heart, 
take  their  origin.  Those  which  go  to  the  parietes  of  the 
auricles  ascend,  form  loops  around  these  cavities,  of  vari- 
ous form  and  size,  and  then  descend  to  be  inserted  into 
other  points  of  the  same  tendinous  rings,  and  are  encom- 
passed at  their  lower  part  by  more  superficial  horizontal 
layers  of  fibres.  Those  which  go  to  the  parietes  of  the 
venti-icles  have  an  oblique  course  downwards,  and  appear 
to  be  reinforced  by  others  which  originate  in  the  muscular 
texture  itself,  especially  along  the  anterior  and  posterior 
grooves,  which  lodge  some  of  the  coronary  vessels.  The 
outermost  of  tliem  converge  towards  the  apex,  and,  after 
making  a  spiral  turn  round  it,  pass  inwards  and  ascend 
along  the  interior  of  the  ventricles,  forming  the  columnse 
carneae  and  part  of  the  septum,  and  arranging  themselves 
in  the  reticulated  form,  which  is  obvious  on  opening  the 
heart.  Others  of  the  fibres  descending  from  the  tendinous 
rings  merely  form  loops  around  the  ventricles,  and  reascend 
to  the  rings.  The  obliquity  of  the  direction  of  the  fibres  is 
gradually  altered  towards  the  interior  of  the  muscular  sub- 
stance, so  that  about  the  centre  of  the  thickness  of  the 
parietes,  the  fibres  are  wrapped  round  the  ventricles  near- 
ly transversely ;  some  surrounding  both  ventricles,  while 
others  detach  themselves  at  the  septum,  and  surround  the 
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left  ventricle  only,  making  its  parietcs  thicker  and  stronger 
than  those  of  the  right. 

This  is  a  general  outline  of  the  disposition  of  the  greater 
part  of  the  muscular  fibres  of  the  heart.  At  its  hase  the 
arrangement  is  more  complex,  but  it  is  always  regular  and 
uniform  ;  and  evidently  such,  that  a  general  contraction  of 
the  fibres  of  the  heart  shall  bring  all  parts  of  the  heart  to- 
wards the  central  point  above  mentioned,  and  compress  the 
contents  of  all  the  cavities,  so  as  to  secure  their  forcible 
ejection  by  the  openings  there  situated. 

The  valves  placed  at  these  openings  effectually  prevent  any 
reflux  of  the  blood  that  has  been  ejected.  The  structure  of 
the  membranous  folds  forming  the  semilunar  valves,  at  the 
mouths  of  the  great  arteries,  sufficiently  indicates  their  use  ; 
for  they  are  attached  to  the  interior  of  the  vessels  by  curved 
edges,  the  concavity  of  which  is  turned  from  the  heart,  and 
they  must  therefore  be  raised  and  stretched  across  the 
opening  by  any  fluid  passing  towards  the  heart,  but  are 
laid  down  along  the  sides  of  the  arteries  by  any  fluid  pass- 
ing out  of  it.  The  pi-ecise  object  of  the  structure  of  the 
tricuspid  and  mitral  valves,  which  descend  from  the  tendi- 
nous rings  surrounding  the  auriculo-ventricular  orifices, 
into  the  ventricles,  and  are  attached  by  tendinous  cords  to 
the  ends  of  the  columnae  carnese,  is  not  so  perfectly  ascer- 
tained; it  being  doubtful  whether  the  membranous  parts 
of  the  valves  always  project  into  the  cavities  of  the  ven- 
tricles, and  are  merely  pulled  together  by  the  contraction 
of  the  columnae  carneas  to  close  the  orifices,  or  whether 
they  are  raised  and  stretched  aci'oss  the  orifices  by  the 
blood  at  the  time  when  the  ventricles  are  full,  and  con- 
tract on  their  contents.  In  order  to  decide  this  question,  it 
would  be  necessary  to  ascertain  more  precisely  than  has 
been  yet  done,  whether  the  contraction  of  the  columnse  car- 
nese takes  place  precisely  at  the  same  time  as  that  of  the 
other  fibres  of  the  ventricles.  But  either  in  the  one  way 
or  the  other,  these  valves  are  certainly  fitted,  and  intended, 
to  prevent  any  reflux  of  blood  from  the  ventricles  into  the 
auricles,  at  the  time  when  the  A'entricles  contract. 
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When  the  heart  of  a  living  warm-blooded  animal  is  ex- 
posed, the  simultaneous  contractions,  first  of  the  two  auri- 
cles, and  then  of  the  two  ventricles,  may  he  distinguished; 
hut,  in  the  natural  and  vigorous  state  of  the  circulation, 
the  former  movement  (always  a  comparatively  slight  one) 
is  hardly  over  before  the  latter  begins;  and  the  longest 
pause  in  the  visible  contractions  of  the  heart  is  that  which 
succeeds  the  systole  of  the  ventricles,  and  precedes  that  of 
the  auricles. 

The  successive  contractions  of  the  auricles  and  ventricles 
are  often  observed  to  go  on,  for  a  short  time,  nearly  in  the 
usual  way,  after  the  heart  of  a  living  animal  is  emptied  of 
its  blood,  or  even  removed  from  the  body ;  so  that  there  is 
obviously  a  tendency  to  the  regular  succession  of  these 
movements,  independently  of  the  successive  applications  of 
the  stimulus  of  the  blood  to  these  parts. 

When  the  ventricles  contract,  the  apex  of  the  heart  is 
not  only  pulled  upwards,  but  somewhat  raised  or  tilted  for- 
wards ;  hence  it  is  generally,  and  no  doubt  justly  supposed, 
that  it  is  during  this  systole  of  the  ventricles,  that  the  apex 
of  the  heart  gives  the  impulse  against  the  parietes  of  the 
chest,  which  is  felt,  in  the  natural  state,  between  the  fifth 
and  sixth  ribs,  and  which,  just  perceptibly,  precedes  the 
pulse  at  the  wrist*.  The  projection  of  the  apex  of  the  heart 
on  the  contraction  of  the  ventricles,  is  seen  even  when  the 
heart  is  removed  fi'om  the  body  of  a  warm-blooded  animal 
before  its  actions  have  ceased,  and  is,  perhaps,  sufiiciently 
explained  by  the  disposition  of  its  muscular  fibres,  and  par- 
ticularly by  the  irregular  cone  which  they  form,  being 
flattened  posteriorly. 

When  the  ear  is  applied  to  the  human  chest,  over  the 
situation  of  the  heart,  a  dull  and  somewhat  prolonged 
sound  is  observed  to  precede  and  accompany  the  impulse 
of  the  heart  against  the  parietes  above  mentioned ;  and  this 
is  immediately  succeeded  by  a  shorter  and  sharper  sound ; 
after  which  there  is  a  short  pause,  before  the  ""dull  sound 

"  See  particularly  Hope's  Treatise  on  the  Diseases  of  the  Heart  and 
Great  "Vessels. 
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and  impulse  are  renewed.  A  slighter  impulse  or  succus- 
sion,  is  sometimes  observed  to  accompany  the  sharper  sound 
likewise.  The  duller  sound,  and  stronger  impulse,  are  gene- 
rally ascribed  to  the  contraction  of  the  ventricles,  and 
movement  of  their  fluid  contents ;  and  Laennec  and  others 
have  ascribed  the  sharper  sound  and  feebler  impulse  to  that 
of  the  auricles ;  but  this  last  opinion  is  probably  erroneous ; 
because  the  sharper  sound  certainly  immediately  precedes 
the  longest  pause  in  the  sounds  of  the  heart ;  whereas  the 
contraction  of  the  auricles  immediately  succeeds  the  longest 
pause  in  the  visible  contractions  of  the  heart ;  as  appears 
not  only  from  experiments  on  animals,  but  also  from  cases 
occurring  occasionally  in  the  human  body,  both  in  health 
and  disease,  where  the  contractions  of  the  right  auricle  are 
made  obvious  by  a  retrograde  impulse,  communicated  to 
the  blood  in  the  jugular  veins*. 

It  is  also  doubtful,  whether  the  contraction  of  the  co- 
lumnse  carnese  in  the  inside  of  the  ventricles,  takes  place  at 
the  same  instant  with  that  of  the  mass  of  muscular  fibres 
constituting  their  parietes.  It  is  obvious,  that  the  contrac- 
tion of  these  columnse  cannot  aid  in  lessening,  but  must 
elongate  and  enlarge,  the  cavities  of  the  ventricles.  It  has 
therefore  been  conjectured,  that  their  contraction  may  pre- 
cede, and  alternate  with  the  general  systole  of  the  ventl'icles, 
and  pull  down  and  stretch  the  tricuspid  and  mitral  valves 
during  the  diastole  of  these,  and  so  prepare  them  for  the 
entrance  of  the  blood  from  the  auricles  ;  and  that  the  second 
or  sharper  of  the  sounds  of  the  heart,  is  caused  by  this  ac- 
tion of  the  columnas  and  valves,  or  rather,  by  the  sud- 
den entrance  of  the  blood  from  the  auricles,  for  which 
preparation  is  thus  made.  Perhaps  it  may  also  be  sup- 
posed, that  one  stimulus  which  excites  the  columnas  to 
act,  is  the  pressure  made  on  them  during  the  previous  con- 
traction of  the  mass  of  muscular  fibres  lying  exterior  to 
them,  in  th^  systole  of  the  ventricles  ;  and  that  the  contrac- 
tion thus  beginning  in  those  internal  columns,  is  afterwards 

"  See  TuHNEU  on  the  Causes  of  the  Sounds  of  the  Heart.  Ediii. 
Medico-Chirurg.  Trans,  vol.  iii. 
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propagated  to  that  surrounding  mass  of  fibres,  many  of 
which  are  continuous  with  those  in  the  columnjE  them- 
selves. In  this  manner  it  seems  possible,  that  the  peculiar 
convoluted  form  of  the  muscular  fibres  of  the  heart  may  be 
concerned  in  giving  the  tendency  above  noticed,  to  a  regu- 
lar succession  of  their  own  contractions. 

The  contractions  of  the  muscular  fibres  of  the  different 
parts  of  the  heart  are  clearly  sufl&cient  to  agitate  the  blood 
powerfully,  and  ultimately  to  eject  it  by  the  arteries  with 
great  force.  The  quantity  ejected  at  each  systole  of  the 
left  ventricle  seems  to  be  nearly  two  ounces  in  an  average- 
sized  man,  and  the  space  it  must  occupy  in  the  aorta  near- 
ly eight  inches.  The  calculations  of  Hales,  who  states  the 
force  exei'ted  by  the  left  venti'icle  of  a  human  heart  as  equi- 
valent to  51 5  pounds,  the  velocity  of  the  blood  leaving  the 
heart  as  149*2  feet  per  minute,  and  the  quantity  of  blood 
passing  through  the  heart  every  hour  as  20  times  the  whole 
weight  of  the  blood  in  the  body, — although  only  approxi- 
mations to  the  truth,  do  not  appear  to  be  founded  on  ex- 
aggerated data.  The  velocity  of  the  circulation  is  also  il- 
lustrated by  the  fact,  that  in  the  horse,  a  fluid  injected  into 
one  jugular  vein  has  been  detected  in  the  opposite  vein  and 
even  in  the  vena  saphena,  within  half  a  minute*. 

The  diastole,  as  well  as  the  systole,  of  the  different  parts 
of  the  heart,  especially  of  the  ventricles,  is  performed  with 
force  ;  the  muscular  fibres  not  merely  relaxing  as  the  cavi- 
ties are  distended  with  blood,  but  springing  back  directly 
after  their  own  contraction  is  over.  The  tendency  thus 
^ven  to  the  formation  of  a  vaciium  in  the  auricles,  is  one 
cause  of  motion  of  the  blood  towards  the  heart  along  the 
great  veins,  where  it  is  subject  to  pressure  from  various 
causes. 

Although  the  different  parts  of  the  heart  have  obviously 
a  tendency  to  regular  and  successive  movements,  indepen- 
dently of  the  stimulus  of  the  blood,  yet  experiments  prove, 
that  the  blood,  which  is  in  contact  with  the  inner  surface 
of  the  heart,  acts  as  a  powerful  stimulus  upon  it ;  and  we 

•  Hehikg,  Journal  de  Progres,  &c.  t.  10. 
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cannot  doubt  that  it  is  by  the  constant  succession  of  fresh 
applications  of  this  stimulus,  that  the  nearly  uniform  suc- 
cession of  the  heart's  movements,  throughout  the  whole  of 
life,  is  maintained. 

We  can  go  no  farther,  in  assigning  a  cause  for  the  natu- 
ral movements  of  the  heart,  than  to  refer  them  to  the  appli- 
cation of  this  stimulus,  and  to  the  property  of  Irritability, 
in  a  high  and  peculiar  degree  of  intensity,  resident  in  its  fi- 
bres. We  cannot  ascribe  to  the  heart  any  feeling  or  Sensa- 
tion, in  the  performance  of  these  actions,  without  altering 
the  meaning  of  these  words ;  we  cannot  liken  these  actions 
to  any  Voluntary  movements,  without  overlooking  the  most 
essential  peculiarities  of  both;  and  we  cannot  suppose  any 
action  of  Nerves  to  be  essentially  concerned  in  them,  with- 
out ascribing  to  the  nerves  of  the  heart  endowments,  which 
no  experiments  or  observations  shew  that  they  possess. 

The  blood  is  conveyed  from  the  heart  to  the  capillary 
vessels  all  over  the  body  by  the  Arteries ;  and  the  proper- 
ties of  these  constitute  the  second  great  agent,  by  which  its 
motion  is  effected. 

These  are  flexible  and  elastic  tubes,  consisting  of  three 
coats,  of  which  the  exterior,  composed  of  dense  cellular  tex- 
ture, is  the  most  distensible  and  the  toughest ;  the  middle, 
composed  of  transverse  fibres,  denser  and  lighter  coloured 
than  those  of  muscles,  is  the  thickest,  strongest,  and  most 
elastic  ;  and  the  internal,  on  which  the  blood  moves,  is  very 
thin  and  smooth.  The  arteries  are  all  to  a  considerable  de- 
gree extensible,  especially  in  the  longitudinal  direction  ;  and 
are  of  great  strength,  the  smaller  branches  even  more  so 
than  the  larger. 

Every  small  portion  of  artery,  by  reason  of  its  elasticity, 
has  nearly  a  cylindrical  form,  and  the  blood  therefore  passes 
along  a  series  of  descending  cylinders,  on  its  way  from 
the  heart  to  the  capillaries.  But  the  sum  of  the  areas  of 
the  whole  of  tlie  smallest  branches  into  which  any  artery 
divides  itself,  is  considerably  greater  than  the  area  of  the 
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artery  itself;  although  the  ratio  of  this  difference  has  been 
very  variously  stated. 

The  arteries  are  subdivided  into  small  branches  to  a  great 
but  very  various  degree  of  minuteness  in  the  different  tex- 
tures. In  some  parts  the  smallest  branches  are  so  minute 
as  not  to  admit  the  red  globules  of  the  blood  ;  but  various 
textures  appear  to  be  nourished,  without  so  minute  a  sub- 
division of  their  vessels. 

The  smaller  arteries  communicate  or  anastomose  freely 
with  one  another  in  all  parts  of  the  body ;  the  smallest  ca- 
pillaries the  most  freely  of  all ;  and  on  this  account  the  cha- 
racteristic effect  of  ligatures  formerly  observed,  in  empty- 
ing the  portions  of  artery  beyond  them,  and  distending  the 
portions  within  them,  is  only  distinctly  seen  in  the  larger 
branches. 

The  arteries  in  the  living  body  (with  the  exception  of  the 
smallest  branches,  in  which  a  greater  variety  is  observed) 
are  always  filled,  and  even  somewhat  distended  with  blood, 
which  is  moving  towards  the  capillaries.  This  blood  re- 
ceives a  sudden  increase  of  velocity  from  the  impulse  of  each 
successive  jet  of  blood  from  the  ventricles  of  the  heart ; 
and  from  the  same  cause  the  arteries  are  slightly  distended, 
— and  in  many  parts  of  the  body  even  somewhat  displaced. 
These  effects  of  the  systole  of  the  ventricles,  constitute  what 
is  called  the  Pulsation  of  the  Arteries ;  but  the  two  last  of 
these  effects,  in  the  healthy  and  tranquil  state  of  the  circu- 
lation, are  scarcely  perceived  at  any  single  points;  and 
therefore  the  pulse  in  an  artery  is  not  distinctly  felt,  unless 
the  artery  is  somewhat  compressed  by  the  finger,  to  make 
the  impulse,  which  its  contents  receive  from  the  heart,  per- 
ceptible. 

The  slight  distention  which  the  whole  arteries  experience^ 
from  the  impetus  of  each  successive  jet  of  blood  from  the 
heart,  is  sufficient  to  call  into  action  their  elasticity,  which 
enables  them  to  react  on  the  blood,  in  each  interval  of  the 
heart's  pulsation,  and  gradually  to  equalize  its  motion,  un- 
til it  becomes  quite  uniform  and  continuous  in  the  capillaries. 
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There  are  many  and  great  obstacles  to  the  free  motion 
of  the  blood  along  the  arteries, — from  the  friction  of  their 
sides, — from  their  angular  and  tortuous  course  and  minute 
subdivisions, — and  from  their  constant  tendency  to  contrac- 
tion. The  effect  of  these  is  not,  as  some  have  taught,  to 
make  the  velocity  of  the  blood  in  the  smaller  arteries  less 
than  in  the  larger,  but  to  make  its  velocity,  in  all  the  ar- 
teries, less  than  it  otherwise  vrould  be.  As  we  know  that 
no  part  of  the  circulating  system  in  the  healthy  state  is 
continually  becoming  fuller  of  blood,  we  are  sure  that  the 
quantity  of  blood  delivered  into  all  the  veins  in  a  given 
time  from  all  the  arteries,  is  equal  to  that  received  by  them 
fi'om  the  heart ;  and  this  proves,  that  the  velocity  of  the 
blood  in  the  capillaries,  on  the  whole,  must  be  less  than 
that  in  the  aorta,  just  in  the  same  proportion  as  the  area  of 
the  aorta  is  less  than  the  sum  of  the  areas  of  all  the  capil- 
laries. 

But  although  this  proportion  must  hold  on  the  whole, 
yet  many  facts  inform  us,  that  the  velocity  of  the  blood, 
even  in  vessels  of  the  same  size,  in  different  parts  of  the  sys- 
tem, is  habitually  different ;  and  that  the  quantity  of  blood 
received  into,  and  its  velocity  in,  the  smaller  arteries  and 
capillaries  of  all  parts  of  the  body,  are  liable  to  much  tem- 
porary variation.  In  particular,  the  blood  which  enters  the 
brain,  as  it  meets  with  more  of  the  obstacles  above  mention- 
ed than  that  which  is  sent  to  most  other  parts,  must  have  an 
habitually  slower  motion.  For  these  varieties  in  the  flow 
of  blood  in  different  parts,  and  at  different  times,  there  is 
ample  provision,  in  the  distensibility  of  the  vessels,  and  in 
the  possibility  of  increased  velocity  in  one  part  compensa- 
ting for  diminished  velocity  in  another,  without  the  gene- 
ral law  above  stated  being  perceptibly  violated. 

Although  the  ordinary  velocity  of  the  blood  in  different 
arteries  must  be  very  different,  it  would  appear  from  the 
experiments  of  Poiseuille,  that  the  pressm-e  exerted  on 
the  blood  in  different  parts  of  the  body  (as  measured  by  the 
column  of  mercury  which  the  blood  in  different  arteries  will 
sustain),  is  almost  exactly  the  same. 
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In  attempting  to  form  a  judgment  on  the  difl&ciilt  subject 
of  the  efficiency  of  any  action  of  arteries,  in  causing,  or  re- 
gulating, the  movement  of  the  blood,  it  is  first  necessary  to 
consider^how  far  the  action  of  the  heart  extends,  and  is  effi- 
cient as  a  cause  of  that  movement,  throughout  the  vascular 
system. 

It  appears  from  experiments  of  different  physiologists, 
and  especially  of  Magendie  and  Poiseuille,  that  when 
the  circulation  of  a  limb,  in  a  warm-blooded  animal,  is  con- 
fined to  the  branches  of  a  single  artery  and  correspond- 
ing vein,  the  blood  stagnates  in  the  vein,  whenever  the  ar- 
tery is  emptied  by  ligature  ;  but  flows  freely  along  the  vein, 
when  the  ligature  on  the  artery  is  removed ;  and  that  its 
flow  along  the  vein  is  varied  by  any  cause  that  alFects  its 
movement  in  the  artery ;  which  shews  that  the  action 
of  the  capillaries  and  veins  of  a  limb  is  insufficient  to  pro- 
pel the  blood,  without  the  impulse  a  tergo,  given  Iby  the 
heart  and  large  arteries.  Indeed  a  little  management  gives 
nearly  similar  results  in  a  common  bloodletting. 

Farther,  the  movement  of  the  blood  in  all  the  small  veife- 
sels  of  a  warm-blooded  animal,  is  always  speedily  arrested 
when  the  heart's  action  ceases ;  and  although  there  are 
various  examples  on  record,  in  which  the  human  foetus  (al- 
ways imperfect,  however,  in  other  respects),  has  attained  a 
considerable  size  without  a  heai't,  yet  every  such  foetus  has 
been  contained  in  the  same  womb,  and  'probably  nourished 
through  the  same  placenta,  as  another  foetus  of  the  natural 
structure;  and  in  every  such  case  the  heart  of  the  perfect 
foetus  would,  in  all  probability,  be  instrumental  in  main- 
taining the  circulation  of  the  monster.  It  would  appear 
therefore,  that  in  warm-blooded  animals  at  least,  the  heart's 
action  is  essential  to  the  support  of  the  circulation  in  every 
part  of  the  vascular  system. 

On  the  other  hand,  that  the  pressure  of  the  coats  of  ar- 
tei'ies  may  act  as  a  powerful  cause  of  motion  in  the  blood, 
appears  from  the  effects  of  an  opening  made  in  an  artery, 
in  which  case  a  current  of  blood  is  established  towards  the 
opening,  from  the  artery  and  anastomosing  branches  beyond 
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it,  as  well  as  from  those  nearer  the  heart;  and  the  same  is 
shewn  by  the  rapidity  with  which  the  portion  of  an  artery 
beyond  a  ligature  is  emptied  of  its  blood. 

Dr  Marshall  Hall  has  ascertained,  that  in  some  cold- 
blooded-animals, there  are  arteries  which  pulsate  nearly  as  a 
heart  does,  after  the  heart  has  been  cut  out* ;  and  PoiSEU- 
iLLE  and  GuiLLOxhave  described,  in  some  of  the  lowest  class 
of  animals,  which  haA^e  vessels,  but  not  hearts,  movements 
of  these  vessels  resembling  the  peristaltic  movements  of  the 
bowels,  and  manifestly  propelling  their  contents  f  ;  but  in 
the  arteries  of  warm-blooded  animals,  no  such  unequivocal 
indications  of  vital  action  have  ever  been  observed.  Tn  all 
these  animals,  the  action  of  arteries  on  their  contents  seems 
to  be  always  of  the  same  kind  as  that  which  results  from 
the  physical  property  of  elasticity  called  into  action  by  a 
distending  force ;  but  the  following  facts  appear  suflBcient 
to  prove  that  they  possess  the  vital  power  of  Tonicity,  as 
formerly  defined,  which  will  determine  a  greater  degree  of  re- 
action on  their  contents,  than  mere  elasticity  would  occasion. 

1.  In  experiments  made  by  many  physiologists,  particu- 
larly by  Verschuir,  Thomson,  Giulio  and  Rossi,  Parry, 
Hastings,  and  Wedemeyer,  it  appeared,  that  by]| various 
stimuli  applied  to  arteries,  chiefly  small  arteries,  which 
could  not  affect  their  mechanical  properties,  constriction  of 
those  arteries,  at  the  points  irritated,  lasting  some  time,  and 
then  gradually  relaxing,  were  induced. 

2.  In  experiments  made  by  Wedemeyer,  it  was  found, 
that  when  stimulating  fluids  (such  as  alcohol  or  vinegar  of 
a  certain  strength)  are  injected  into  the  artei-ies  of  living 
animals,  there  is  great  difficulty  in  pushing  them  forward 
into  the  veins ;  whereas  mild  fluids  in  the  living  body,  and 
these  irritating  fluids  in  the  dead,  pass  forward  readily  \. 

3.  In  experiments  made  by  Mr  Hunter  and  Dr  Parry, 
it  appeared  distinctly  that  the  arteries  of  dying  animals, 
especially  those  dying  from  hsemorrhage,  when  emptied  of 

•  Essay  on  the  Circulation,  p.  82. 

t  Journal  de  Physiologie,  t.  10  and  11. 

X  Edinburgh  Medical  and  Surgical  Journal,  vol.  xxxii.  p.  10. 
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their  blood,  contract  immediately  after  death,  and  in  some 
instances  before  death,  to  a  calibre  considerably  less  than 
that  which  they  afterwards  gradually  assume,  and  then 
maintain  till  putrefaction  begins;  which  proves,  that  the 
tendency  of  living  arteries  to  contraction  is  greater  than 
their  merely  physical  properties  can  occasion. 

4.  In  experiments  made  by  Poiseuille,  where  an  ar- 
tery from  an  animal  just  killed  was  distended  by  water 
urged  by  the  pressure  of  a  given  column  of  mercury,  and 
then  the  force  of  its  reaction  measured  by  the  height  of  a 
column  of  mercury  which  the  water  expelled  from  it  could 
support,  it  appeared  that  the  force  of  reaction,  excited  by 
the  distention  of  the  recent  artery,  was  greater  than  the 
force  used  to  distend  it ;  and  greater  than  an  artery  could 
exert  some  time  after  death,  but  before  any  decomposition 
of  its  texture  had  commenced  *. 

These  facts  leave  no  room  for  doubt  that  arteries  possess, 
and  must  occasionally,  if  not  habitually,  exert  on  their  con- 
tents a  truly  vital  power  of  contraction. 

This  being  ascertained,  we  next  observe,  that  various 
facts  shew  the  course  of  the  blood  to  be  variously  modified, 
and  probably  much  promoted  on  the  whole,  by  causes  act- 
ing at  a  distance  from  the  heart; — in  modes  which  the 
merely  physical  properties  of  arteries  cannot  possibly  ex- 
plain. The  most  instructive  of  these  facts  are  the  follow- 
ing : 

1.  The  great  amount  of  the  obstacles  which  oppose  the 
free  flow  of  the  blood  into  and  through  the  small  capillaries 
of  the  system  ;  and  the  force  therefore  found  requisite  in 
the  dead  body  to  imitate  the  flow  of  blood  by  injection,  es- 
pecially when  injection  is  attempted  in  an  animal  just 
killed,  when,  as  it  would  appear,  the  property  of  tonicity 
remains  in  the  bloodvessels. 

2.  The  small  amount  of  force  found  suflScient  to  stop  the 
flow  of  blood  along  the  chief  artery  of  a  limb,  when  com- 
pared with  those  obstacles,  which  the  blood,  moving  along 

•  Maoendie,  Journal  de  Physiologic,  1.  8. 


30  OUTLINES  OF  PHYSIOLOGY. 

that  artery,  must  encounter  in  its  passage  through  the 
smaller  vessels  *. 

3.  The  immediate  diminution  produced  in  the  flow  of 
blood  through  the  arteries  of  a  limb,  by  some  attacks  of 
Palsy,  in  which  the  heart's  action  is  unaffected. 

4.  The  greatly  increased  determination  of  blood  to  vari- 
ous organs  at  particular  times,  without  corresponding  alte- 
ration of  the  heart's  action  ;  e.  g.  in  many  cases  of  partial 
inflammation  or  haemorrhages, — in  the  case  of  blushing,  and 
other  effects  of  mental  emotion, — in  the  case  of  occasional 
or  periodic  secretion  or  nutrition  at  indiAadual  parts,  whe- 
ther natural  or  morbid,  often  observed  without  increase  of 
the  heart's  action,  and  contrasting  strongly  witb  other  in- 
stances, where,  from  mental  emotion,  exercise,  febrile  dis- 
ease, &c.  the  heart's  action  is  strongly  excited,  while  secre- 
tion and  nutrition  are  every  where  diminished. 

5.  The  alteration  which  is  gradually  produced  on  the  arte- 
ries of  any  part  of  the  body,  when  any  cause  is  applied, 
which  greatly  and  permanently  augments  the  action  going 
on  at  their  extremities  only  ;  the  influence  of  which  cause  is 
manifestly  retrograde  along  the  vessels ; — e.  g.  the  increased 
size  given  to  the  anastomosing  branches  of  a  limb,  of  which 
the  principal  artery  has  been  tied,— when  contrasted  with 
the  shrunk  condition  of  all  the  arteries  of  the  stump  of  a 
limb  which  has  been  amputated; — the  increased  size  and 
tortuous  course  of  the  arteries  of  the  uterus  during  gesta- 
tion, and  of  the  arteries  of  any  part  of  the  body,  where  the 
growth  of  a  tumour  has  been  excited  f ;  and  again  the 
deficient  circulation  in,  and  nourishment  of,  a  limb  of  which 
the  sensitive  nerves  are  palsied,  or  which  is  long  kept  com- 
pletely at  rest  (as  by  disease  of  a  joint)  without  palsy. 

These  facts  shew,  that  the  flow  of  blood  in  the  arteries, 
and  especially  in  the  capillaries,  of  different  parts,  is  in  a 
great  measure  determined  by  causes  acting  at  the  extremi- 
ties of  the  circulation,  and  bears  no  fixed  relation  to  the 
state  of  the  heart's  action. 

•  Sir  Chahles  Bell,  Essay  on  the  Powers  that  move  the  Blood. 
■\  Sir  Charles  BeII,  loco  citato. 
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The  question  that  next  presents  itself  is,  how  far  the  ad- 
ditional power,  which  plainly  affects  the  motion  of  the 
blood,  at  a  distance  from  the  heart,  is  referable  to  the  vital 
contractions  of  the  coats  of  arteries? 

The  influence  exerted  on  the  circulation  by  any  such  action 
of  the  /ar^/es^  arteries  is  certainly  of  no  great  amount ;  because 
the  circulation  has  often  been  observed  to  be  well  main- 
tained, when  those  arteries  had  become  rigid  and  inflexi- 
ble, and  lost  both  their  elasticity  and  vital  power.  But 
the  vital  properties  of  arteries  probably  reside  chiefly  in 
their  smaller  branches,  as  would  appear  from  the  following 
facts  :— 

1.  From  the  coats  of  the  smaller  arteries  bearing  a  much 
larger  proportion,  on  the  whole,  to  their  fluid  contents  than 
those  of  the  larger. 

2.  From  the  fibrous  coat  of  the  smaller  arteries  more 
nearly  resembling  muscular  texture. 

3.  From  experiments  of  Mr  Hunter,  which  shew  that 
the  smaller  arteries  contract  more  at  the  moment  of  death 
than  the  larger. 

4.  From  many  experiments  of  Bichat,  Buniva,  Parry, 
&G.  which  shew  that  an  injection  thrown  into  the  arteries 
immediately  after  death,  while  tonicity  remains  in  them, 
passes  by  the  largest  of  the  ai'teries  that  communicate  with 
veins,  but  does  not  fill  the  smaller  capillaries ;  and  from 
the  observation  of  Hunter,  that  an  injection  forced  into  the 
arteries  of  an  animal  just  killed,  which  retain  their  tonic 
power,  is  apt,  after  a  time,  to  be  forced  back  into  the  lar- 
ger. 

5.  From  the  observation  of  Haller  and  others,  that  in 
animals  just  killed,  and  of  which  the  hearts  have  been  cut 
out,  the  blood  in  the  arteries,  as  well  as  the  veins,  is  apt  to 
move  chiefly  from  the  smaller  to  the  larger  branches  *. 

It  cannot,  therefore,  be  doubted,  that  this  vital  power 
of  the  arteries  must,  to  a  certain  degree,  modify  the  mo- 
tion of  the  blood ;  but  it  is  more  difficult  to  understand 
how  an  increase  of  this  tonic  power  can,  in  any  case,  pro- 

•  Memoirea  sur  le  Mouvement  du  Sang,  p.  160. 
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moto  tlie  flow  of  the  blood;  and  it  has  therefore  been  sup- 
posed, that  it  is  by  a  relaxation  of  this  kind  of  contraction, 
giving  additional  effect  to  the  impetus  from  the  heart,  that 
local  determinations  and  congestions  of  blood  are  effected. 
To  this  opinion  there  are  the  following  objections  : 

1.  The  amount  of  the  obstacles  already  noticed  to  the 
flow  of  blood  in  the  arteries,  renders  it  probable,  that 
whatever  vital  powers  affect  the  motion  of  the  blood  at  a 
distance  from  the  heart,  must  on  the  whole  assist,  instead  of 
opposing,  the  effect  of  its  contractions. 

2.  If  local  and  occasional  congestions  of  blood  resulted 
simply  from  diminution  of  the  vital  action  of  the  arteries, 
allowing  a  fuller  effect  to  the  impulses  given  from  the 
heart,  the  blood  in  the  capillary  arteries  of  parts  where 
congestion  has  taken  place,  might  be  expected  to  have  al- 
ways an  intermitting  motion,  which  is  not  the  case. 

3.  The  causes  which  usually  excite  local  congestions  of 
blood,  are  very  generally  causes,  which,  in  all  other  in- 
stances, excite,  instead  of  depressing  or  weakening,  vital  ac- 
tion. 

These  statements  render  it  probable  that  vital  contrac- 
tions, chiefly  of  the  smaller  arteries,  do  come  in  aid  of  the 
actions  of  the  heart  in  maintaining  and  regulating  the  cir- 
culation ;  but  it  must  be  added,  that  in  the  warm-blooded 
animals,  we  have  no  evidence  of  any  powerful  action  of 
this  kind  being  habitually  exercised ;  and  the  following 
reasons  may  be  given  for  thinking  that  causes  distinct  from 
any  vital  contractions  of  vessels,  are  concerned  in  produ- 
cing the  flow  of  blood  in  the  extreme  branches  of  the  ar- 
teries ;  i,  e.  that  there  is  a  third  power  concerned  in  pro- 
ducing and  regulating  the  movement  of  the  blood,  besides 
any  mechanical  action  of  the  heart  and  arteries. 

1.  The  smallest  arteries,  or  true  capillaries,  in  which  the 
greatest  variety  as  to  the  quantity  and  velocity  of  the  blood 
is  observed,  do  not  shew  any  fibrous  structure ;  and  when 
the  circulation  in  them  is  examined  with  the  microscope,  in 
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ordinary  circumstfinces,  no  contractions  of  their  coats  are 
perceptible. 

2.  Haller  and  others  have  described  varying  movements 
of  globules  of  blood  in  living  animals,  such  as  do  not  ap- 
pear to  be  explicable  by  mechanical  laws,  seen  under  the 
microscope,  especially  when  these  globules  had  escaped 
from  the  bloodvessels  into  surrounding  textures  *. 

3.  Movements  of  other  fluids  contained  within  living 
textures,  and  even  currents  in  fluids  placed  in  contact  with 
living  textures,  have  been  observed,  which  cannot  be  traced 
to  the  influence  of  any  contractions  of  solids  -f. 

4.  On  minute  examination  of  the  progressive  develop- 
ment of  parts  in  the  foetal  state  of  different  animals,  it  ap- 
pears that  various  parts  are  in  progress  of  organization 
(implying  regulated  movements  in  the  fluids)  before  the 
heart  acts,  or  the  arteries  are  distinctly  formed 

5.  When  the  blood  has  been  delivered  into  the  capillary 
vessels  of  any  living  part,  although  still  influenced  by  the 
contractions  of  the  heart  and  arteries,  it  must  be  supposed 
to  come  likewise  under  the  dominion  of  the  laws,  whatever 
these  he,  by  which  the  movements  of  the  nourishing  fluid 
are  effected,  in  those  animals  that  have  no  circulating  sys- 
tem, and  in  vegetables.  In  particular,  it  may  fairly  be 
presumed,  that  the  Vital  Affinities,  which  regulate  the  che- 
mical changes  that  are  wrought  on  the  blood  in  the  capil- 
laries, must  likewise  be  a  cause  of  its  movement  there  §. 

•  DoLLiNGER,  Journal  de  Progres,  &c.  vol.  ix.  Schultze,  Journal 
Complementaire,  &c.  vol.  xix.  Tiedemann,  Traite  de  Physiologie,  §  265, 
461,  567.    Kalcbeukneb,  in  Magendie's  Journal,  t.  8.  p.  85. 

f  DuTROcHET,  L' Agent  du  Mouvement  Vital  devoUd,  &c.  and  Annales 
des  Sciences  Naturelles,  t.  xv.  Grant,  Edin.  Phil.  Journal,  vols.  xiii. 
and  xiv.    Suarpey,  Edinburgh  Medical  Journal,  vol.  xxxiv, 

J  Baer  in  Breschet's  Repertoii-e,  1818.  Prevost  and  Dumas, 
Annales  des  Sciences  Naturelles,  t.  12.    Tiedemann,  op.  cit.  §  26'5. 

§  Le  sang  est  destint^  k  porter  la  vie  sur  tons  les  points  du  syst^me,  t\ 
nourrir  et  a  reparer  les  organes.  II  faut  done  qu'une  partie  du  torrent 
soit  absorbe'e  par  les  surfaces  qu'il  arrose ;  il  fiiut  done  que  ces  surfaces 
soutirent  ces  liquides  nutritifs.  Or  supposez  un  grand  cercle  de  tuyaux 
pleins  d'un  liquide,  appliquez  aux  parois  des  tuyaux,  des  pipes  aspirantes, 
ma\s  qui  ne  jiuissent  aspirer  que  des  quantites  infiniment  minces,  et 
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To  this  we  should  probably  refer  the  striking  fact  (to  be 
afterwards  more  fully  considered),  that  when  the  chemical 
changes  at  the  lungs  are  arrested,  by  obstruction  to  the  ac- 
cess of  air  thither,  the  contractions  of  the  right  ventricle 
and  pulmonary  artery,  although  continuing  vigorous  for  a 
time,  fail  of  their  wonted  eifect ;  and  the  blood  stagnates  iu 
the  capillaries  of  the  lungs  and  right  side  of  the  heart ;  but 
its  motion  is  instantly  resumed,  if,  within  a  short  interval 
of  time,  the  access  of  air  to  the  blood  be  again  permitted. 

It  must,  however,  be  observed,  that  the  experiments  of 
Magendie  and  of  Poiseuille,  already  noticed,  as  they 
prove  that  the  flow  of  blood  along  A'eins  is  dependent  on, 
and  continually  modified  by,  the  flow  along  the  arteries 
communicating  with  these  veins,  sufliciently  demonstrate 
that  the  powers  residing  in  the  capillaries,  although  they 
may  promote  the  movement,  and  determine  the  distribu- 
tion, of  the  blood  in  them,  are  inadequate  to  the  propul- 
sion of  masses  of  blood  along  the  larger  veins  *. 

Since  it  has  been  ascertained  that  Galvanism,  transmitted 
through  a  fluid,  is  a  cause,  not  only  of  its  decomposition, 
but  of  its  movement,  through  any  porous  substance,  from 
the  positive  towards  the  negative  side  of  the  apparatus,  it 
has  been  conjectured  that  the  electrical  relations  of  arterial 
and  venous  blood  (the  first  of  which  is,  in  a  slight  degree, 
positively,  and  the  last  negatively,  electrified),  may  be  an 
important  cause  of  the  motion  of  the  blood  in  the  capil- 
laries f .  But  if  this  be  a  cause  which  promotes,  as  has  been 
stated,  the  flow  of  blood  in  the  capillaries  throughout  the 
body,  where  the  arterial  blood  becomes  venous,  it  ought  to 
retard  its  motion  in  the  capillaries  of  the  lungs,  where  the 
venous  blood  becomes  arterial.  Yet  we  know,  from  the 
fact  above  stated,  that  the  change  of  the  blood  from  venous 

par  ce  seul  mecanisme  vous  allez  faire  cii-culer  le  liquide  dans  les  tuyaux. 
—See  Rasp  AIL  in  Repertoire  d'  Anatomic  et  de  Physiologie,  &c.  t.  vi. 
p.  150. 

"  See  Recherches  sur  les  Causes  du  Mouvement  du  Sang  dans  les  Veines, 
in  Journal  de  Pliysiologie,  1831. 

t  Reuss,  Comment.  Soclet.  Physico-Medicre  Moscov.  vol.  i. 
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to  arterial  at  tlie  lungs,  is  a  very  powerful  cause  of  its  mo- 
lion  there. 

The  power  or  property,  by  which  various  fluids  attract 
others  with  unequal  force,  through  the  intervention  of  any 
porous  substance,  lately  described  by  Dutrochet  and 
others  under  the  names  of  Endosmose  and  Exosmose  (in 
whatever  way  it  is  to  be  explained),  must  certainly  operate 
as  a  cause  of  motion  in  the  fluids  in  difl^erent  parts  of  the 
animal  system.  But  neither  this,  nor  any  other  principle, 
which  is  found  to  apply  equally  to  dead  matter,  can  sufl&ce 
for  the  explanation  of  the  variations,  especially  of  tbe  sud- 
den and  partial  variations,  observed  in  the  motion  of  the 
blood  in  the  capillaries  in  different  parts,  and  in  difl"erent 
circumstances  of  the  body ;  for  example,  of  those  which  re- 
sult from  mental  acts  or  feelings.  Whether  the  auxiliary 
powers,  residing  in  the  small  arteries,  consist  merely  in 
contractions  of  solids,  or  partly  (as  is  more  probable)  in 
peculiar  attractions  of  solids  and  fluids,  we  cannot  doubt 
that  they  are  in  a  great  measure  truly  vital. 

No  termination  of  arteries  has  ever  been  distinctly  de- 
monstrated, except  that  in  Veins.  This  is  seen  on  micro- 
scopical examination,  in  the  translucent  parts  of  various 
living  animals,  and  may  be  traced,  after  injection,  in  dif- 
ferent textures  of  the  human  body.  The  capillary  arteries 
which  are  turned  backwards  and  form  veins,  vary  consi- 
derably in  size,  some  admitting  three  or  four  globules  of 
blood  abreast,  and  others  probably  not  admitting  one.  It 
appears,  however,  from  the  microscopical  observations  of 
Dr  M.  Hall,  that  in  most  parts  of  animals  there  is  a  nume- 
rous set  of  minute  vessels,  of  nearly  equal  calibre  and  anas- 
tomosing freely,  in  which  most  of  the  smaller  arteries  termi- 
nate abruptly,  in  which  the  motion  of  the  blood  is  much 
slower  than  in  tbe  gradually  tapering  arteries,  and  from 
which  nearly  all  the  veins  originate.  These  are  strictly  the 
capillary  vessels. 

The  veins  become  gradually,  though  not  uniformly, 
larger  when  traced  towards  the  heart,  and  terminate  ulti- 
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mately  in  the  venae  cavae  and  coronary  vein.  Those  which 
are  of  sufficient  size  to  be  examined,  are  found  to  consist 
only  of  two  coats,  corresponding  to  the  outermost  and 
innermost  of  the  coats  of  arteries,  but  possessed  of  greater 
strength.  Hence  they  are  thinner  and  less  elastic,  but 
more  distensible  and  tougher,  than  the  arteries.  Near  the 
heart,  and  in  various  other  parts  of  the  larger  veins,  thin 
irregular  layers  of  fibres,  more  or  less  resembling  those  of 
muscles,  are  interposed  between  their  coats. 

The  veins  in  the  extremities,  and  generally  in  muscular 
parts  of  the  body,  are  provided  with  A^alves,  constructed 
nearly  in  the  same  manner  as  those  at  the  mouth  of  the 
aorta,  with  their  free  edges  towards  the  heart. 

There  are  two  important  singularities  in  the  venous  sys- 
tem ;  first.  The  Sinuses  within  the  cranium,  formed  by 
separation  of  the  laminae  of  the  Dura  Mater,  into  which 
the  veins  of  the  Pia  Mater  open  obliquely  in  a  direction 
opposite  to  the  current  of  the  blood,  the  effect  of  which 
is  to  lessen  the  effect  on  the  vessels  of  the  brain,  of  any 
stagnation  and  congestion  of  blood  in  the  great  veins  near 
the  heart ;  secondly.  The  distribution  of  the  Vena  Portae, 
(which  is  of  great  size  and  strength,  and  collects  the  blood 
from  the  stomach,  intestines,  pancreas,  and  spleen),  through 
the  substance  of  the  liver,  after  the  manner  of  an  artery.  In 
many  of  the  lower  animals,  the  venous  blood  from  the  lower 
extremities  is,  in  like  manner,  diffused  through  the  kidneys*. 

Besides  being  more  distensible,  the  veins  are  considerably 
more  numerous  and  more  capacious  than  the  arteries,  and 
their  larger  branches  anastomose  much  more  freely.  Hence 
the  quantity  of  blood  in  the  veins  is  always  much  gi'eater, 
and  is  liable  to  greater  variations,  both  locally  and  gene- 
rally, than  that  in  the  arteries. 

From  the  smaller  capacity  of  the  arteries,  and  from  the 
pretty  uniform  distention,  on  the  whole,  of  all  parts  of  the 
vascular  system,  it  follows,  that  the  velocity  of  the  blood 
in  the  veins  must,  on  the  whole,  and  in  the  same  propor- 
tion, be  less  than  that  in  the  arteries.    And  from  tlie  sum 

•  Jacobson,  Edin.  Med.  Journ.  vol.  xix. 
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of  tlie  smallest  veins  of  the  body  having  a  mucli  larger 
capacity  than  the  venae  cavae,  it  follows,  that  the  velocity 
of  the  blood  in  these  smallest  veins  must,  on  the  whole, 
and  in  the  same  proportion,  be  less  than  that  in  the  vense 
cavae.  But  the  circumstances  stated  as  to  the  structure  of 
veins,  admit  of  greater  local  and  temporary  variations  of  the 
velocity  of  the  blood  in  them,  without  perceptible  deviation 
from  these  general  laws,  than  can  occur  in  the  case  of  the 
ai-teries.  Absolute  stagnation,  and  even  retrograde  move- 
ment, for  a  time,  of  blood  in  individual  veins,  have  often 
been  observed  in  experiments  on  animals. 

The  ordinary  motion  of  the  blood  in  the  veins  is  continu- 
ous, with  these  exceptions,  firsts  That,  in  a  stale  of  great 
weakness,  when  the  arteries  are  very  little  distended  by  the 
stroke  of  the  heart,  the  blood  in  the  smallest  of  the  veins 
retains  somewhat  of  the  intermitting  motion  ;  secondly ^ 
That  the  flow  of  blood  in  the  gi'eat  veins,  even  indepen- 
dently of  disease,  is  slightly  retarded  at  each  systole  of  the 
auriclesj  and  accelerated  on  their  diastole;  thirdly.  That 
the  flow  of  blood  in  the  great  veins  is  somewhat  retarded 
by  each  act  of  expiration,  and  accelerated  by  each  inspira- 
tion ;  the  natural  eff'ect  of  the  enlargement  of  the  shut  cavi- 
ty of  the  chest,  in  inspiration,  being  to  draw  towards  it,  [i.  e. 
to  cause  the  pressure  of  the  atmosphere  to  urge  towards  it), 
not  only  air  by  the  trachea,  but  also  blood  by  the  great 
veins.  This  last  is  the  Respiratory  Pulse  of  Haller  and 
others,  which  is  distinctly  seen  to  communicate  a  movement 
to  the  brain  and  spinal  cord,  when  they  are  exposed. 

The  motion  of  the  blood  in  the  veins  is  manifestly  deter- 
mined by  various  causes. 

1.  Probably  the  most  efficacious  is  the  impulse  a  tergo 
communicated  by  the  heart  and  arteries,  the  efi^ect  of  which 
is  unequivocally  shewn  by  the  experiments  mentioned  at 
page  27.  But  when  we  consider  the  great  distensibility 
of  the  veins,  and  the  very  moderate  degree  of  distention 
'■observed  in  them  in  the  healthy  state,  we  cannot  doubt, 
that  the  motion  of  the  blood  along  them  must  be  mucJi 
aided  by  causes  acting  in  this  part  of  the  cirrulation  itself 
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2.  The  experiments  of  several  physiologists,  particularly 
VERSCHUin,  Hastings,  and  Beclaud,  seem  sufficiently  to 
indicate  a  vital  power  of  Tonicity  in  the  veins,  similar  to  that 
which  we  ascribed  to  the  arteries.  But  in  several  parts  of 
the  body,  as  in  the  interior  of  bones,  and  in  the  substance 
of  the  liver,  where  the  coats  of  the  veins  form  the  internal 
lining  of  unyielding  canals,  it  is  obvious  that  this  power 
cannot  be  exerted  ;  and  in  any  individual  part  it  is  proba- 
bly a  feeble  power. 

3.  Gravitation  manifestly  affects  the  flow  of  blood  in  the 
veins,  especially  of  the  extremities  ;  but  cannot  materially, 
on  the  whole,  promote  the  flow  towards  the  heart. 

4.  The  action  of  neighbouring  muscles,  and  probably 
the  pressure  of  other  adjacent  and  especially  elastic  textures, 
such  as  the  skin,  aided  by  the  eff'ect  of  the  valves,  frequent- 
ly and  greatly  promote  the  flow  of  blood  in  many  veins, 
chiefly  of  the  extremities. 

5.  It  appears  that  the  "  suction  influence"  of  the  diastole 
of  the  auricles  of  the  heart,  promotes  the  flow  of  blood  along 
the  veins  somewhat  more  than  their  systole  retards  it  *.  But 
the  rapid  distention  of  a  vein  below  a  ligature,  where  this 
cause  cannot  act,  shows  that  the  other  causes  of  the  motion 
in  the  veins  are  much  more  powerful. 

6.  It  appears  from  the  experiments  of  Dr  Barry,  that 
the  motion  of  the  blood  along  the  veins  is  promoted  also, 
in  animals  of  which  the  respiration  is  similar  to  the  human, 
by  the  "  suction  influence"  of  the  acts  of  inspiration  above 
mentioned.  But,  besides  what  was  observed  in  the  last 
paragraph,  the  facility  with  which  circulation  is  carried  on 
in  the  foetus,  which  does  not  breathe ;  in  animals,  of  which 
the  pericardium  has  been  opened,  and  the  heart  exposed  to 
the  air  (so  that  no  influence  of  this  kind  can  aff"ect  the  mo- 
tion of  the  blood)  ;  and  even  in  cases  of  artificial  respira- 
tion, where  no  such  influence  can  be  exerted  by  the  chest 
— sufficiently  demonstrates  that  this  cause  likewise  is  of 
comparatively  inconsiderable  amount. 

•  See  particularly  Wedemeyeu  in  Edin.  Med.  and  Surg.  Journal,  vol- 
xxxiv.  p.  89. 
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The  effect  of  the  more  violent  respiratory  actions  on  the 
flow  of  blood  in  the  veins,  and  particularly  the  retardation 
of  the  blood's  motion,  and  congestion  in  the  great  veins, 
from  forced  or  prolonged  expiration,  accompanied  by  mus- 
cular effort,  are  very  important  in  Pathology.  Muscular 
exertion,  especially  of  the  respii  atory  muscles,  has  the  ad- 
ditional effect  of  accelerating  the  flow  of  blood  in  the  arte- 
ries, which  will  be  considered  afterwards. 

The  Pulmonary  Artery  and  its  branches  are  similar  to 
the  other  arteries  of  the  body,  and  the  pulmonary  veins  to 
other  internal  veins.  The  termination  of  the  smallest 
branches  of  the  artery  in  the  capillary  veins  of  the  lungs, 
has  been  ascertained  as  distinctly,  and  in  the  same  manner, 
as  in  other  textures ;  and  the  smallest  branches  of  the 
bronchial  arteries,  which  bring  arterial  blood  from  the 
aorta,  have  been  found  to  inosculate  with  those  of  the  pul- 
monary artery. 

As  the  whole  of  the  pulmonary  circulation  is  carried  on 
within  the  caA^ty  of  the  chest,  it  cannot  derive  any  aid,  on 
the  principle  of  suction,  from  the  movements  of  the  chest. 
But  the  motion  of  the  lungs  in  inspii'ation  and  expiration 
promotes  the  flow  of  blood  through  their  substance,  for 
reasons  which  will  appear  afterwards. 

The  fibrous  middle  coat  found  in  the  pulmonary  artery 
and  its  branches,  as  well  as  in  the  aorta,  is  probably  chiefly 
useful  by  resisting  the  strong  and  variable  impulse  given 
by  the  heart's  contractions,  and  thus  preventing  morbid 
dilatation  of  the  arteries.  And  it  is  with  the  same  in- 
tention, no  doubt,  that  the  great  veins  are  strengthened  by 
muscular  fibres  near  their  termination,  where  they  are  ex- 
posed to  the  retrograde  impulse  from  the  stroke  of  the 
auricles. 

According  to  the  most  probable  estimates,  the  whole 
quantity  of  blood  in  the  body  may  be  in  general  about 
l-5th  of  the  weight  of  the  whole  body,  and  of  this,  it  is 
generally  thought  that  about  l-4th  may  be  in  the  arterial, 
and  3-4ths  in  the  venous  system. 


(    4.0  ) 


CHAPTER  IV. 

or  THE  COMPOSITION  AND  PllOPEIlTIKS  OF  THE 

BLOOD. 

This  subject  demands  attention  before  we  can  proceed 
to  state  tlie  uses  of  the  Circulation. 

The  Blood  in  the  living  body,  or  immediately  on  emis- 
sion from  the  vessels,  consists  of  a  clear  fluid,  in  which  a 
very  great  number  of  red  particles  are  suspended.  Its 
specific  gravity  is  about  1050,  and  its  temperature  about 
98°.  Within  a  few  minutes  after  emission,  in  the  natural 
state,  it  divides  itself  into  a  yellowish  fluid  called  Serum, 
and  a  dark  red  spongy  mass  called  Crassamentum. 

In  some  cases,  chiefly  n^orbid,  the  crassamentum  is  spon- 
taneously divided  into  two  pai'ts,  ihe  colouring  matter,  which 
lies  lowest,  and  a  whitish  tenacious  substance  called  Fibrin, 
which  covers  its  surface.  And  in  all  cases,  this  division  of 
the  crassamentum  into  two  parts  may  be  accomplished, 
either  by  carefully  stirring  fresh  drawn  blood  with  a  stick, 
to  which  nearly  all  the  fibrin,  and  little  of  the  colouring 
matter,  adheres ;  or  more  completely,  by  repeated  affu- 
sions of  cold  water  and  pressure,  by  which  the  colouring 
matter  is  carried  off  and  the  fibrin  left.  t  • 

Of  the  three  substances  into  which  the  blood  is  thus  divid- 
ed, it  has  been  generally  believed  that  the  Serum  and  Fibrin 
are  combined  in  the  clear  fluid  of  the  living  blood,  and  that 
coagulation  depends  on  their  separation,  and  on  the  red 
globules  attaching  themselves  more  or  less  completely  to 
the  fibrin.  But  the  microscopical  observations  of  Prevost' 
and  Dumas  *  lead  them  to  believe,  that  the  fibrin  is  com- 
bined with  the  colouring  matter  in  the  globules  of  the  living 
blood,  and  that  coagulation  consists  in  the  adhesion  of  the 
globules  to  one  another,  with  more  or  less  complete  sepa- 

"  Ann.  de  Chiniie,  torn,  xviii.  and  xxiii. 
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ration  of  these,  tlieir  constituent  parts ;  and  the  same  opi- 
nion is  held  by  the  other  recent  inquirers  on  the  Continent. 
On  the  other  hand,  the  opinion  which  has  been  more  ge- 
neral in  this  country  (viz.  that  the  Fibi'in  is  in  solution  in 
the  Serum  in  living  blood)  is  maintained  by  Dr  Babing- 
TON  *,  and  is  thought  to  be  supported  by  the  fact,  that  the 
separation  of  the  Fibrin  takes  place  so  very  uniformly  from 
the  whole  colourless  fluid  of  the  blood,  as  to  form"an||ex~ 
act  mould  of  a  vessel  into  which  that  colourless  fluid,  in 
the  case  of  blood  coagulating  slowly,  may  be  transferred 
before  the  concretion  has  commenced. 

Until  it  be  more  clearly  ascertained  what  is  the  true  re- 
lation of  the  fibrin  to  the  other  principles  in  the  living 
blood,  the  account  we  can  give  of  this  fluid  is  necessarily 
very  imperfect.  And  farther,  when  we  state  the  chemical 
composition  and  properties  of  these  or  any  other  animal  sub- 
stance, two  cautions  must  always  be  kept  in  mind. 

1.  The  proximate  principles  which  are  procured  from 
these  substances,  have  not  necessarily  existed  in  them  just 
in  the  form  in  which  they  appear,  but  may  be  in  part  the 
products  of  the  chemical  operations,  however  simple,  by 
which  they  are  shewn. 

2  As  we  know  that  the  peculiar  combinations  of  Car- 
bon, Hydrogen,  Oxygen,  and  Azote,  which  form  the  ani- 
mal principles,  tend  continually  to  dissolution,  and  cannot 
be  recomposed  by  art,  we  cannot  doubt  that  the  chemical 
affinities  of  these  elements  are  somehow  modified,  in  those 
vital  actions  in  which  the  animal  principles  are  formed; 
and  until  we  know  something  of  the  Laws  according  to 
which  chemical  affinities  are  controlled  and  altered  in  the 
living  body,  we  cannot  expect  that  the  chemical  examina- 
tion of  dead  animal  matter  will  give  much  assistance  to 
Physiology. 

The  following  are  the  most  important  results  of  Chemi- 
cal Examination  of  the  three  substances  into  which  fresh 
drawn  blood  divides  itself : 

•  Medico-Chirurgical  Transactions,  vol.  xvi. 
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1.  Tlie  serum  has  a  specific  gravity  of  about  1030.  Wlieu 
it  is  heated  to  160°,  an  abuudant  coagulum  of  Albumen  is 
formed  in  it,  just  similar  to  that  which  is  formed  in  the 
same  way  from  the  glaire  of  the  egg.  This  coagulated  al- 
bumen once  formed  fi-om  either  fluid,  is  insoluble  in  water, 
— soluble,  by  the  aid  of  heat,  in  the  caustic  mineral  alka- 
lis,— is  formed  into  a  substance  resembling  gelatin  by  the 
long-continued  action  of  acetous  acid,  or  diluted  nitric  acid, 
— and  is  little  prone  to  putrefaction. 

The  fluid  which  drains  or  may  be  expressed  from  coagu- 
lated serum  is  called  the  Serosity.  It  consists  of  water 
holding  in  solution  a  little  of  an  uncoagulable  animal  mat- 
ter, which  has  been  called  Muco-extractive ;  which  shews 
itself  on  evapoi'ation,  is  soluble  both  in  water  and  alcohol, 
and  may  be  precipitated  by  acetate  of  lead;  and  also  a  little 
of  the  following  salts, — Soda  or  its  Sub-carbonate,  Muriate 
of  Soda,  Sulphate  and  Muriate  of  Potass,  and  Phosphates  of 
Lime,  Magnesia  and  Iron. 

A  fixed  oil  is  often  suspended  in  the  serum,  in  such 
quantity  as  to  give  it  a  somewhat  milky  appearance,  and  in 
smaller  quantity  is  now  known  to  exist  always  in  it.  It 
is  most  easily  shewn  by  agitating  the  serum  with  aether, 
which  dissolves  it,  and  then  allowing  the  sether  to  evapo- 
rate ;  and  it  spontaneously  separates  into  two  parts,  one  a 
fatty  somewhat  crystalline  matter,  which  has  been  likened 
to  the  substance  of  the  brain,  the  other  a  fluid  oil  *. 

The  proportions  of  these  different  ingredients  in  the  se- 
rum are, 

According  to  Marcet, 

Water,       .          .          .          .          .  900 

Albumen,    .....  87 

Muco-extractive,    ....  4 

Salts,          .....  9 

1000 

•  See  Babington  in  Medico-Chirurgical  Transactions,  vol.  xv.,  and 
Le  Canu  in  Journal  de  Pharmacie,  1831. 
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According  to  Le  Canu, 
Water, 
Albumen, 

Animal  matter  soluble  in  Water, 
Animal  Oil, 
Salts,  and  loss, 

2.  The  Fibrin  has  a  peculiar  tendency  to  assume  the 
fibrous  form.  In  chemical  relations  it  diflFers  very  little 
from  coagulated  albumen  *.  Both  are  resolvable,  as  the 
products  obtained  from  them  by  the  full  action  of  heat  shew, 
into  Carbon,  Hydrogen,  Oxygen,  and  Azote,  and  the  chief 
difference  between  them  lies  in  the  fibrin  containing  rather 
less  oxygen  and  more  azote.  The  proportions  have  been 
thus  stated. 


Carbon. 

Hydrogen. 

Oxygen. 

Azote. 

Albumen,  . 

52.8 

7.5 

22.8 

15.7 

Or, 

17 

13 

6 

2  atoms. 

Fibrin, 

52.3 

7.0 

19.6 

19.9 

Or, 

18 

14 

6 

3  atoms. 

3.  The  colouring  matter  is  quite  insoluble  in  the  serum, 
but  readily  unites  with  water,  as  is  shewn  by  the  means  of 
separating  it  from  the  fibrin.  The  solution,  or  intimate 
mixture,  of  this  matter  in  water,  is  acted  on  by  heat  nearly 
as  serum  is ;  and  the  solid  matter  deposited  from  it,  does 
not  appear  to  differ  materially  from  coagulated  albumen, 
except  in  colour,  and  in  yielding  a  small  quantity  of  oxide 
of  iron,  not  only  when  burnt,  but,  after  the  application  of 
chlorine,  by  its  liquid  tests. 

4.  Carbonic  acid  is  usually  disengaged  from  fresh  drawn 
blood,  but  in  variable,  and  generally  very  minute  quantity; 
in  some  cases  it  is  not  obtained,  even  by  the  action  of  the 
air-pump. 

The  colouring  matter,  although  it  cannot  maintain  the 
solid  form  without  the  assistance  of  fibrin  as  a  cementing 
medium,  and  although  it  is  probably  impossible  to  separate 

"  Hatchett,  Phil.  Trans.  1800.  Berzelius,  View  of  Animal  Che. 
mistry. 
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it  completely  from  the  other  constituents  of  the  blood,  con- 
stitutes the  greater  part,  and  the  densest  part,  of  tlie  cras- 
samentum; — its  quantity  has  been  stated  at  nearly  ten 
times  that  of  the  fibrin,  in  a  portion  of  crassamentum 
properly  dried;  and  its  specific  gravity  as  1126  or  1130, 
that  of  the  whole  crassamentum  being  1 077  or  1084  *. 

In  order  to  ascertain  the  comparative  quantities  of  the 
solid  matter  of  the  serum,  and  solid  matter  of  the  crassa- 
mentum, in  blood,  it  is  necessary  to  evaporate  slowly  to 
perfect  dryness  a  given  weight,  first  of  the  serum,  and  then 
of  the  crassamentum,  and  weigh  the  residuum  in  each  case; 
and  then  to  allow  as  much  of  the  residuum,  in  the  second 
experiment,  to  be  solid  matter  of  the  serum,  Avhich  had 
been  contained  in  the  crassamentum,  as  the  result  of  the  first 
experiment  shews  to  be  the  proportion  in  the  pure  serum, 
corresponding  to  the  quantity  of  water  that  has  been  driven 
off.  The  remainder  of  the  last  residuum  only,  is  the  weight 
of  the  solid  matter  of  the  crassamentum  itself.  It  is  import- 
ant to  attend  to  these  proportions,  because  they  appear  to 
be  liable  to  much  vai-iation  in  disease.  The  average  re- 
sults of  trials  made  in  this  way  by  diflferent  experimenters, 
give  these. proportions, in ihum.ari  blood: 

Prevost  and  Dumas.       Le  Canu. 
Water,       -       -  -  784 

Solid  matter  of  Cras-  \  ^ 

samentviin,    ,11 '  i-l 
Solid  matter  of  Senim,  87 

1000 

Of  the  whole  blood,  therefore,  more  than  one-fifth  is  solid 
matter,  and  of  the  solid  matter  nearly  three- fifths  are  in 
the  crassamentum. 

The  pi-oportion  of  solid  matter  of  the  crassamentum  in 
the  blood  is  found  to  vary  remarkably  according  to  the 
quantity  drawn,  when  that  is  considerable, — being  much 
less  in  the  last  drawn  llood  than  in  the  first ;  probably  be- 
cause the  evacuation  causes  the  return  into  the  larger  vcs- 

•  Davy,  De  Sanguine.    Edin.  1814. 
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-sels  of  much  of  the  thinner  part  of  the  blood,  previously  di- 
verging into  the  smallest  capillai'ies  *. 

The  quantity  of  the  Fibrin  contained  in  blood,  when 
thoroughly  dried,  has  been  stated  at  less  than  1  part  iu 
1000,  but  the  numerous  experiments  of  Le  Canu  give  an 
average  of  4.3  in  1000  parts  of  blood  f. 

The  Globules  of  the  blood  in  the  living  body,  whether 
they  contain  the  fibrin  in  their  composition  or  not,  possess 
very  singular  properties.  They  contain  the  whole  colouring 
matter,  though  in  varying  proportion.  They  have,  in  eve- 
ry species  of  animal  where  they  exist,  a  determinate  form, 
circular  and  flattened  in  man,  and  a  uniform  size,  stated  at 
from  jjj^jo  to  joVtj  '^^^       diameter  in  man;  and 

when  in  motion  in  the  living  and  healthy  body  never  coa- 
lesce. They  have  such  tenacity  as  to  regain  their  form  and 
size  after  being  compressed  and  flattened,  as  they  sometimes 
are  in  narrow  bloodvessels  ;  and  when  at  rest  tend  to  arrange 
themselves  in  somewhat  determinate  forms  I.  But  these  pro- 
perties they  seem  gradually  to  lose  after  they  are  removed 
from  the  living  body. 

The  phenomena  of  the  coagulation  of  blood,  whether  de- 
pendent on  a  change  in  the  aggregation  of  the  matter  com- 
posing the  globules,  or  on  the  separation  of  the  fibrin  from 
the  serum,  demand  consideration.  This  change  generally 
begins  in  two  minutes,  and  extends  to  the  whole  mass  in 
six  or  seven,  after  blood  is  drawn,  but  the  cohesion  of  the 
coagulum  formed  continues  to  increase  often  for  many 
hours  after^  It  consists  in  the  fibrin  becoming  concrete, 
and  assuming  a  filamentous  reticular  form, — in  the  inter- 
stices of  which  the  colouring  matter  is  lodged, — and  then 
gradually  contracting;  and  as  the  fibrin  is  ,o,fj,^9mewhat 
less  specific  gravity  than  the  colouring  matter,,. t^h.e,. coagu- 
lum appears  first,  and  is  firmest  at  the  upper  part. 

The  coagulation  of  blood  is  not  attended  with  any  de- 

•'DAV-ir,'De  Sanguine,  Edifii   1814.    ScHR^BEa  Van  Deii  Koi,k, 
Commentatio  De  Sanguine  Coagulante*   Groningqn,  J820. 
•|-  .Journal  de  Pharmacie,  1831. 

J  Prevost  and  Dumas,  Annales  des  Sciences  Naturelles,  t.  12. 
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cided  elevation  of  temperature,  nor  is  it  necessarily,  al- 
though frequently,  attended  by  any  evolution  of  carbonic 
acid.  It  is  promoted  by  heat,  by  exposure  to  air,  and  by 
rest  or  gentle  agitation  only,  but  is  not  prevented  by  the 
opposites  of  these.  It  takes  place  very  slowl}',  even  when 
blood  is  at  rest,  in  the  living  body.  It  is  promoted  by 
separation  of  the  particles  of  blood  from  one  another  on  a 
flat  surface,  even  in  vacuo  ;  and  more  remarkably  by  an  in- 
crease of  the  serous  part  of  the  blood  ;  and  this  is  the  rea" 
son  why  blood  drawn  from  the  veins  of  persons  weakened 
by  loss  of  blood,  or  fainting,  or  of  dying  animals, — being, 
as  already  observed,  more  serous, — coagulates  much  more 
rapidly  than  the  blood  drawn  previously  *.  From  this 
cause  the  last  blood  drawn  from  the  vein  of  an  animal  bled 
to  death,  may  coagulate  almost  instantly,  while  the  blood 
in  the  large  vessels  of  the  same  animal  may  be  found  fluid 
after  death,  and  then  coagulate  slowly. 

Two  distinct  peculiarities  of  the  blood,  as  to  its  disposi- 
tion to  coagulate,  are  often  observed,  both  in  disease,  and  in 
other  circumstances  of  the  body.  These  are  most  common- 
ly seen  in  very  diff'erent  states  of  the  body,  but  are  not  op- 
posed to  each  other ;  and  in  a  few  cases  even  coexist  with 
with  one  another.  The  first  is,  the  state  in  which  coagula- 
tion is  imperfect,  and  the  coagulum  formed  unusually 
large,  loose,  and  flocculent.  This  is  observed  after  violent 
muscular  exertions,  and  in  various  diseases,  particularly 
those  which  arise  from  a  virulent  contagion  or  malaria,  and 
ai"e  attended  by  typhoid  symptoms.  The  extreme  case  of 
this  condition  of  the  blood  is  its  perfectly  and  permanently 
fluid  state,  where  no  separation  of  its  constituent  parts 
takes  place,  and  all  the  fibrin  is  found  in  minute  particles 
diflfused  through  the  mass ;  and  this  is  seen  after  sudden 
death,  from  suffbcation,  from  blows  on  the  stomach,  dis- 
eases of  the  heart,  lightning,  muscular  exertion,  or  mental 
emotion; — likewise  after  the  most  rapidly  fatal  diseases, 
such  as  tetanus,  or  the  worst  forms  of  fever. 

*  Davy,  Thesis  1814.    Schroder  Van  der  Kolk,  1.  c. 
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The  second  peculiar  state  of  the  blood  as  to  coagulation 
is,  where  the  fibrin  and  colouring  matter  separate  from  one 
another,  as  well  as  from  the  serum ;  of  which  the  extreme 
case  is,  the  formation  of  the  firm  thick  buflFy  coat  seen  in 
various  inflammatory  diseases.  This  does  not  depend  on 
the  circumstance  of  slow  coagulation  of  blood,  and  conse- 
quent separation  by  gravity,  of  the  colouring  matter  from 
the  fibrin,  but  on  an  unusual  tendency  to  separation  be- 
tween these  substances ;  of  which  there  are  two  simple 
proofs.  1.  That  the  formation  of  the  bulFy  coat  (though  no 
doubt  favoured  or  rendered  more  complete  by  slow  coagu- 
lation) is  often  observed  in  cases  where  the  coagulation  is 
more  rapid  than  usual ;  and  the  colouring  matter  is  even 
observed  to  retire  from  the  surface  of  the  fluid  in  such 
cases,  before  any  coagulation  has  commenced.  2.  That  the 
separation  of  the  fibrin  from  the  colouring  matter  in  such 
cases  takes  place  in  films  of  blood,  so  thin  as  not  to  admit 
of  a  stratum  of  the  One  being  laid  above  the  other ; — they 
separate  from  each  other  laterally,  and  the  films  acquire  a 
speckled  or  mottled  appearance,  equally  characteristic  of  _ 
the  state  of  the  blood,  as  the  bufi^y  coat  itself*. 

It  does  not  appear  possible  to  explain  the  fluidity  of  the 
blood  in  the  vessels  of  the  living  body,  the  phenomena  of 
its  coagulation  when  emitted,  the  variations  of  this  pro- 
gress now  mentioned,  and  especially  the  modes  in  which 
these  variations  are  produced, — by  reference  to  any  mecha- 
nical or  chemical  principles ;  and  if  not,  then  it  becomes 
incumbent  on  us  to  ascribe  Vital  Properties  to  the  Blodd 
as  it  exists  in  the  living  body,  as  well  as  a  vital  character 
to  the  processes  by  which  it  is  formed.    (See  p.  41.) 

As  the  aggregation  of  the  particles  of  the  fibrin  in  the 
coagulum,  when  once  produced,  continues  until  putrefac- 
tion begins,  it  would  seem,  on  first  consideration  of  the 
subject,  sufficient  to  ascribe  the  fluidity  of  the  blood  during 
life  to  its  vitality,  giving  a  tendency  to  the  particles  of  the 
fibrin  to  repel  one  another,  and  keep  separate,  and  coagu- 

•  SCHR.SDER  Vak  deh  Kolk,  Commentatio,  &c. 
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latiou  to  the  loss  of  vitality,  and  their  consequent  coliesion. 
But  on  the  other  hand,  the  varieties  observed  as  to  this 
aggregation  of  the  fibrin,  and  as  to  its  separation  from  the 
colouring  matter,  and  the  total  absence  of  any  such  tenden- 
cy in  the  cases,  particularly  of  sudden  death,  where  coagu- 
lation never  takes  place, — as  they  appear  inexplicable  by 
any  mechanical  or  chemical  principles, — would  seem  to  in- 
dicate that  the  act  of  coagulation  itself  is  a  last  exertion  of 
the  vital  properties  of  the  fibrin ;  and  it  has  accordingly 
been  likened  to  the  stiffening  of  muscular  fibres  after  death. 
However,  these  two  processes  are  not,  as  has  been  sup- 
posed, necessarily  connected  with  each  other ;  the  stiffening 
of  muscles  being  well  marked  in  some  cases  where  the 
blood  remains  fluid  after  death. 

Intestine  movements  of  the  particles  of  blood  and  of  these 
among  themselves,  may  be  seen  in  various  circumstances, 
and  have  been  minutely  desci'ibed  by  different  microscopical 
observers  *.  These  have  been  judged  to  be  vital,  and  to  be 
concerned  in  producing  its  fluidity;  and  coagulation  has 
been  considered  as  the  last  effort  of  the  powers  by  which 
these  movements  are  effected.  Perhaps  it  is  not  absolutely 
ascertaiiicd  that  these  movements  in  the  blood  are  inex- 
plicable by  merely  pjiysical  laws ;  but  the  statements  of 
TiEDEMANN,  as  to  the  manner  in  which  these  movements 
in  blood  and  other  living  fluids  are  affected  by  stimulants 
and  by  poisons,  appear  nearly  decisive  as  to  tlieir  truly  vi- 
tal character  f. 

The  vital  properties  of  the  blood  probably  reside  in  its 
globules,  which  seem  to  differ  from  any  thing  seen  in  un- 
organized matters ;  and  more  especially  in  the  truly  coagu- 
lating part  of  the  blood,  i.  e.  the  fibrin  ;  and  tlieir  existence 
there  is  still  more  clearly  indicated  by  the  changes  which 
fibrin  effused  from  the  vessels  in  inflammation  undergoes ; 
for  it  has  been  ascertained  that  it  is  in  pure  fibrin  effused 

•  Theviuanus,  Schh/uder,  Schultze,  Du-TnocHET,  Tiedemann, 
&c.  ' 

f  Traitt'  de  Physiologic,  §  569,  et  seq. 
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from  this  cause,  much  more  than  in  coagulated  entire  blood, 
that  new  vessels  are  formed,  and  organization  established  *. 

The  varieties  observed  as  to  the  formation  and  proper- 
ties of  this  effused  and  organizable  lymph,  in  different  dis- 
eased conditions  of  the  body,  are  likewise,  in  all  probability, 
indications  of  its  vital  properties,  and  of  changes  to  which 
these  are  liable. 

Arterial  blood  has  been  ascertained  to  differ  from  venous 
not  only  in  its  colour  being  scarlet,  instead  of  purple,  but 
also, 

1.  In  coagulating  both  more  quickly  and  more  firmly. 

2.  In  the  crassamentum  formed  in  it,  and  especially  the 
fibrin  of  that  crassamentum,  bearing  a  larger  proportion  to 
the  whole  blood  -f-. 

These  peculiarities,  after  what  has  been  stated  above,  na- 
turally lead  us  to  suppose  that  the  vital  properties  will  ex- 
ist in  arterial  more  than  in  venous  blood  ;  and  accordingly, 
it  is  with  the  circulation  of  arterial  blood  through  the  diffe- 
rent textures,  almost  exclusively,  and  with  the  separation 
of  portions  of  the  arterial  blood  in  them,  that  the  other  vital 
phenomena  of  the  living  body  are  connected. 

T' 

CHAPTER  V. 

ON  NUTRITION,  EXHALATION,  AND  SECRETION  IN 

GENERAL. 

The  fundamental  and  essential  function  of  Nutrition  is 
carried  on  in  the  different  classes  of  animals  with  a  rapidity 
nearly  proportioned  to  the  complexity  of  their  structure, 
and  to  the  energy  and  variety  of  vital  actions  of  wliich  they 
are  susceptible  J.  Wherever  a  circulating  system  exists,  it 

"  Thomson  on  Inflammation,  p.  216,  et  seq. 

t  According  to  Prevost  and  Dumas,  about  1  per  cent.  more.    See  also 
Shr/Eder  Van  der  Kolk. 
t  See  TiEDEMANN,  Traite'  de  Physiologie,  §  298,  et  seq. 
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is  the  agent  employed  for  that  purpose.  For  although  the 
existence  of  arterial  branches,  terminating  in  exhalent  sur- 
faces, in  secreting  organs,  or  in  the  solid  textures,  has  not 
been  proved  ;  and  although  the  observation  of  the  actual 
escape  of  particles  of  blood  from  tlie  circulating  vessels,  and 
their  application  to  any  of  the  animal  textures,  has  H3een 
described  by  very  few  microscopical  observers,  and  may  be 
held  liable  to  fallacy  ;  yet  the  following  considerations  leave 
no  room  for  doubt,  that  portions  of  the  circulating  blood 
are  continually  applied  to  the  formation  and  support  of  the 
solids  and  other  fluids  of  the  body,  and  that,  in  so  far  as 
these  are  dependent  on  such  supplies,  they  receive  them 
from  the  blood. 

1.  The  formation  of  many  of  the  fluids,  and  some  of  the 
solids  of  the  body,  is  continually  going  on  ;  as  that  of  all 
parts  of  the  body  is,  during  the  time  of  growth.  There  is 
also  good  evidence,  to  be  afterwards  stated,  of  continued 
absorption  from  all  parts  of  the  body,  without  loss  of  sub- 
stance, which  implies  continued  deposition. 

2.  While  these  fVicts  show  that  something  is  continually 
added  to  the  solids,  and  other  fluids  of  the  body,  it  is  equal- 
ly clear  that  something  is  continually  abstracted  from  the 
blood ;  because  continual  additions  are  made  to  it  from  the 
organs  of  digestion,  without  permanent  increase  of  its  quan- 
tity ;  but  this  is  quickly  diminished  when  those  supplies  fail. 

3.  The  blood  is  continually  applied  to  the  solids,  and  to 
the  prepared  fluids  of  the  body,  in  capillary  vessels  which 
must  easily  admit  of  transudation;  and  is  materially  changed 
by  that  application. 

4.  The  blood  is  fitted,  by  its  composition,  for  supporting 
the  diff'erent  animal  solids  and  fluids ;  and  we  have  actual 
proof  of  its  application  to  these  purposes,  in  the  case  of  in- 
creased exhalation  or  artificial  dropsy,  produced  by  injec- 
tion of  water  into  the  vessels,  in  many  experiments  of  Ma- 
GENDiE  and  others ;  and  in  many  cases  of  wounds  healed, 
swellings  formed,  or  adhesions  contracted,  evidently  by 


Mascagni  De  Vasis  Lymphaticis. 
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blood  or  lymph  effused  from  vessels  in  a  state  of  inflamma- 
tion, and  becoming  organized. 

5.  Increased  growth,  natural  or  morbid,  of  any  part,  is 
always  attended  by  enlargement  of  its  vessels,  and  the  vas- 
cularity of  those  textures,  in  which  fluids  are  continually 
formed,  is  always  much  greater  than  that  of  those,  in  which 
solid  matter  only  is  contained. 

The  term  Nutrition  is  generally  applied  to  the  deposition 
of  solid  matter  from  the  blood,  and  the  term  Secretion  to  the 
formation  of  fluids ;  this  last  being  divided  into  Exhalation, 
where  the  fluid  is  thrown  out  on  an  extended  surface,  and 
Secretion  properly  so  called,  where  it  is  prepared  in  a  gland, 
and  carried  oft'  by  a  duct. 

All  that  is  known  of  the  course  of  the  portions  of  blood 
destined  to  these  purposes  is  this  :  It  passes,  in  all  these 
cases,  in  numerous  capillary  vessels,  with  very  thin  coats, 
not  to  be  distinguished  from  the  surrounding  textures,  along 
the  surface  of  membranes,  along  the  septa  of  cells,  or  in  the 
interstices  of  fibres.  A  membrane,  on  which  many  vessels 
ramify,  seems  all  that  is  necessary  to  any  kind  of  secretion ; 
and  all  the  varieties  of  secreting  organs  to  be  only  "  con- 
trivances for  conveniently  packing  a  large  extent  of  such  a 
surface  in  a  small  compass  *."  These  vessels,  so  far  as 
they  can  be  traced,  either  in  the  living  bodies  of  animals, 
or  after  the  most  successful  injections  with  size  and  vermi- 
lion, pass  on  to  the  veins.  It  is  very  doubtful  whether  the 
particles  of  vermilion  ever  escape  from  them  except  by  rup- 
ture ;  and  any  extravasations  from  them  in  the  natural  state, 
would  seem  to  be,  not  through  visible  outlets,  but  by  late- 
ral pores  f . 

It  is  an  important  question,  whether  the  diffierent  tex- 
tures and  secretions  of  the  body  are  actually  formed  from 
the  circulating  blood,  at  the  parts  of  the  body  where  they 
appear,  or  are  formed  in  the  blood  itself,  and  only  evolved 
or  separated  at  these  parts.  The  following  facts  seera  to 
favour  the  last  opinion. 

"  Mayo. 

t  Mascaoni,  Sciiultze,  Du-Trochet,  Phevost  and  Dubias,  &c. 
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1.  It  is  a  general  law  of  living  animals,  and  probably  of 
vegetables  *  also,  that  all  nourish ment  received  from  with- 
out must  be  mixed  with  secretions  of  the  organized  body 
itself,  and  so  far  elaborated  in  its  interior,  before  it  is  ap- 
plied to  the  support  of  any  part  of  the  organization  ;  which 
makes  it  probable  that  an  important  part,  at  least,  of  the 
process  which  fits  it  for  giving  that  support,  is  completed 
before  it  reaches  the  organs  where  it  is  so  applied. 

2.  As  the  blood  contains,  or  shews  after  the  simplest 
chemical  processes,  Fibrin,  Albumen,  Muco-Extractive  Mat- 
ter resembling  Osmazome,  Water,  Oil,  the  phosphates  of 
Lime  and  Magnesia,  and  most  of  the  other  salts  found  in  the 
secretions,  it  appears  fitted  to  yield,  by  mere  separation  of 
its  constituent  parts,  by  far  the  greater  part  of  the  sub- 
stances found  in  the  textures  and  secretions  of  the  body. 

3.  There  are  various  instances,  in  disease,  not  only  of 
textures  widely  extended  over  the  body,  such  as  Bone  and 
Fat,  being  deposited  in  unusual  situations,  but  also  of  sub- 
stances usually  secreted  in  special  organs  only,  such  for 
example  ag  Cholesterine,  being  deposited  in  parts  distant 
and  very  different  from  those  where  they  are  commonly 
found  ;  and  even  independently  of  structural  disease,  there 
are  various  well  authenticated  cases  on  record,  where  se- 
cretions, especially  those  of  urine  and  of  milk,  have  been 
thus  established,  and  passed  off  for  some  time,  "  per  aliena 
colaf." 

4.  It  has  been  ascertained,  fii-st  by  Prevost  and  Dumas, 
that,  when  the  secretion  of  urine  is  suppressed  by  extirpa- 
ting the  kidneys  of  animals,  the  Urea,  which  is  the  charac- 
teristic part  of  that  secretion,  may,  after  a  time,  be  de- 
tected in  the  blood ;  and  the  same  has  been  found  in  the 
human  body,  in  some  cases  where  the  secretion  of  urine 

•  See  Knight,  Philosophical  Transactions,  1805. 

t  Settmg  aside,  as  inapplicable  here,  many  of  the  cases  recorded  under 
this  head  by  Halleu  (Elem.  Lib.  7.  C.  1),  there  remain  several  which 
seem  to  justify  this  obsei-vation ;  and  various  similar  cases  have  been  re- 
corded since,  e.  g.  in  Magendie's  Journal  de  Physiologic,  vol  vii. ;  and 
London  Medical  and  Physical  Jounial,  June  1028. 
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has  been  much  obstructed  by  disease,  whether  functional 
or  organic,  of  the  kidneys  *. 

5.  It  is  often  observed,  in  cases  of  disease  resulting  from 
the  introduction,  or  retention  within  the  body,  of  noxious 
or  unassimilable  matter,  that  this  morbific  matter,  certain- 
ly mixed  with  the  whole  blood,  is  evolved  from  the  circu- 
lation at  certain  parts,  or  in  certain  textures  i*ather  than 
others;  which  implies  a  peculiar  relation  of  foreign  matters, 
circulating  with  the  blood,  to  the  vital  properties  of  pecu- 
liar textures,  and  makes  it  probable,  that  there  will  exist 
similar  relations  of  textures  to  the  different  natural  consti- 
tuents of  healthy  blood. 

But,  on  the  other  hand,  it  is  to  be  observed, 

1.  That  a  conclusion  resting  on  observations  made  ou 
the  secretions  of  urine,  bile,  and  milk,  which  are  destined 
to  excretion,  is  not  necessarily  applicable  to  the  case  of 
those  formations  from  the  blood  which  are  destined  to  use- 
ful purposes  in  the  animal  economy. 

2.  That  it  is  doubtful  whether  the  Fat  of  the  animal 
body  or  the  Nervous  Matter,  can  be  recognised  in  the 
Blood,  and  certain  that  the  Gelatin,  which  is  easily  pro- 
cured in  abundance  from  any  animal  textures,  cannot  be 
recognised  there ;  and  several  of  the  other  elements  of  the 
animal  textures,  found  in  small  quantity  in  the  blood, 
may  be  supposed  to  be  the  products  of  Absorption. 

3.  That  in  Insects  and  Zoophyta,  where  secretion  and 
nutrition  are  seen  in  their  simplest  forms,  the  general 
nourishing  fluid,  formed  and  contained  in  one  internal 
cavity,  appears  to  furnish  a  variety  of  products  very  dif- 
ferent from  itself,  by  a  process  hardly  more  complex  than 
mere  transudation  through  a  living  membr^me  f . 

These  facts  lead  us  to  believe,  that,  although  many  of 
the  products  formed  in  the  living  body  are  so  far  elabora- 
ted in  the  blood  itself,  yet,  in  various  instances,  a  material 

•  Rostock's  System  of  Physiology,  vol.  iii.  p,  412.  Christison, 
Edinburgh  Medical  and  Surgical  Journal,  vol.  xKxii.  pp.  271  and  274. 

t  CuviER,  Le9on  23,  sect.  2.  art,  5. 
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change  is  effected  in  these  products  at  the  time  and  place 
of  their  escape  from  the  circulation. 

It  has  been  doubted,  whether  Transudation  takes  place  at 
all  through  textures  in  the  living  body,  and  been  supposed  by 
some,  that  all  Secretion  and  Nutrition  must  be  by  branches 
of  arteries  specially  designed  for  that  purpose ;  but  the  oc- 
currence of  transudation  through  living  textures,  which 
was  maintained  by  Dr  W.  Hunter  and  by  Mascagni,  has 
been  put  beyond  doubt  by  the  experiments  of  Magendie 
and  others.  It  appears,  howevei',  that  it  takes  place  to  a 
less  extent  than  in  the  dead  body :  and  the  escape  of  fluids 
from  the  vessels,  in  particular,  must  be  impeded,  and  may 
probably  be  variously  modified,  by  the  exercise  of  their 
tonic  power,  formerly  considered. 

There  has  been  much  farther  speculation  as  to  the  ex- 
planation of  the  formation  of  so  many  diff'erent  compounds 
in  the  living  body  from  the  same  blood  ;  but  inquiries  on 
this  subject  have  led  to  results,  which,  though  very  import- 
ant, are  for  the  most  part  negative. 

I.  The  blood,  in  its  passage  to  the  different  organs,  is 
propelled  through  canals  of  extreme  minuteness,  variously 
contorted,  and  of  very  various  length,  and  endowed,  per- 
haps variously,  with  the  power  of  acting  mechanically  up- 
on it;  and  the  frequent  alterations  of  the  distances  and  po- 
sitions of  its  particles,  thus  effected,  have  been  supposed  to 
be  a  sufficient  cause  for  the  variety  of  products  which  it 
yields.  But  the  insufficiency  of  this  explanation  is  shewn 
by  the  following  facts. 

1.  It  appears  from  the  cases  mentioned,  that  Secretions 
may  pass  out  for  a  time,  by  organs  distinct  from  those  at 
which  they  generally  appear,  and  this  without  perceptible 
change  of  structure,  or  subsequent  alteration  of  the  func- 
tions, of  the  parts  that  take  on  this  new  kind  of  action. 

2.  Substances  the  most  widely  different  in  composition 
from  the  blood,  such  as  Bone  and  Cartilage,  are  formed  in 
parts  of  the  human  body  where  there  is  no  very  complex 
arrangement  of  A^essels ;  and  A^ery  complex  arrangements, 
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in  various  parts,  yield  products  but  little  different  from  the 
serum  of  the  blood.  In  many  of  the  lower  animals,  and  in 
vegetables,  no  system  of  vessels,  nor  even  any  perceptible 
variety  of  cellular  structure,  is  employed  for  the  formation 
of  very  various  compounds. 

3.  Even  in  different  parts  of  the  human  body,  and  still 
more  on  examination  of  various  animals,  it  appears,  that 
products  very  nearly  resembling  each  other,  and  answering 
the  same  ends,  are  formed  in  organs  where  the  structure 
and  the  disposition  of  the  vessels  are  very  various;  and 
again,  that  substances  the  most  widely  different  are  formed 
in  organs  tliat  are  in  these  respects  extremely  similar*. 

II.  As  Secretion  is  much  influenced  by  causes  acting  on 
the  Nervous  System,  and  especially  by  injuries  there  inflict- 
ed, it  has  been  and  still  is  supposed  by  some  physiologists, 
that  it  is  necessarily  dependent  on  some  power  communi- 
cated through  the  nerves  from  the  brain  and  spinal  cord. 
But  to  this  theory  of  dependence  on  the  brain  and  nerves, 
the  following  appear  nearly  insurmountable  objections. 

1.  Secretion  and  Nutrition  are  phenomena  observed  much 
more  generally  in  nature,  than  any  vestiges  of  nervous  mat- 
ter ;  viz.  not  only  in  those  animals  where  no  nervous  sys- 
tem has  been  detected  (which  must  be  allowed  to  be  a  doubt- 
ful case),  but  in  the  whole  vegetable  kingdom;  in  which  they 
are  at  least  as  numerous,  varied,  and  striking,  as  in  the 
economy  of  animals. 

2.  Secretion  and  Nutrition  take  place  after  the  usual  man- 
ner, in  the  case  of  the  human  foetus  without  a  brain, — in 
that  of  the  foetus  without  either  brain  or  spinal  cord, — nay 
even  in  the  foetus  which  has  hardly  a  vestige  of  nervous 
matter  in  its  composition-f*. 

3.  It  appears  from  the  inquiries  of  different  anatomists, 
and  particularly  of  Tiedemann  and  Gmelin,  and  of  Serres, 
that  the  formation  of  the  larger  masses  of  the  nervous  sys- 
tem in  the  foetus,  is  always  posterior  to  many  acts  of  nutri- 
tion and  secretion ;  and  that  vessels  ramify,  and  different 

•  CuviEu,  Leqons,  t.  5.  p.  214.  f  Clark  in  Phil.  Trans.  1793. 
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textures  are  already  nourislied  in  every  part,  before  nervous 
matter  is  distinctly  formed  there. 

4.  Such  injury  or  disease  of  the  nervous  system  as  de- 
stroys all  voluntai-y  motion  and  sensation  of  a  limb,  and 
materially  affects  the  pulse  there,  although  it  usually  modi- 
fies, does  not  stop  the  nutrition  or  the  secretions  there,  nor 
prevent  the  usual  effects  of  inflammation,  which  are  analo- 
gous to  secretion,  from  taking  place ;  and  in  different  ex- 
periments of  physiologists,  when  the  nerves  of  secreting  or- 
gans were  cut  (e.  g.  of  Bichat  on  the  Testicle,  and  Mayo 
on  the  Kidney),  secretion  in  these  organs,  although  some- 
times altered,  was  not  suspended. 

In  opposition  to  these  facts,  the  experiment  (familiar  to 
Haller,  but  often  repeated  and  varied  by  Dr  Wilson 
Philip  and  others),  of  cutting  the  8th  pair  of  nerves  in  the 
neck,  and  thereby  arresting  the  digestion  of  food,  which 
implies  suspension  of  the  secretion  of  the  stomach,  is  surely 
too  slender  a  foundation  for  the  general  assertion,  that  aner- 
A'ous  influence  is  essential  to  all  Secretion. 

Farther,  the  conclusion  thus  drawn  from  that  experiment 
is  liable  to  the  following  objections  : 

1.  The  result  of  the  experiment  is  not  uniform ;  for  the 
trials  of  Breschet  and  Edwards,  and  more  especially  those 
of  Leuret  and  Lassaigne*,  seem  sufficient  to  establish  the 
positive  fact  (necessarily  much  more  conclusive  in  this  in- 
quiry than  any  negative  fact),  that  after  the  section  of  those 
nerves,  with  loss  of  substance,  in  the  neck,  and  without  the 
aid  of  galvanism,  digestion  may,  in  certain  circumstances, 
be  carried  on. 

.  2.  The  secretion  at  the  stomach  is  peculiarly  under  the  in- 
fluence of  Sensation,  as  well  as  of  emotions  of  Mind;  and  the 
effect  of  this  operation  is  not  only  to  cause  pain,  but  to  ex- 
cite much  nausea  and  dyspnoea,  which  are  fatal  within  two  or 
three  days.  Such  sensations,  however  caused,  will  material- 
ly affect  that  and  other  secretions,  without  proving  the  ne- 
cessary dependence  of  the  secretions,  on  the  parts  by  the 

•  Recherches  pour  servir  ivl'IIistoire  de  la  Digestion,  p.  )a3. 
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injury  of  which  they  are  excited.  When  the  branches  of 
the  8th  pair  going  to  the  stomach  were  cut  on  the  oesophagus 
by  Magendie,  the  effect  on  the  lungs  and  the  dyspnoea  not 
being  produced,  the  secretion  at  the  stomach  was  not  arrest- 
ed. 

3.  In  all  experiments  made  by  cutting  the  nerves  in  the 
neck,  it  has  appeared,  that  while  the  secretion  at  the  stomach 
was  suspended  or  diminished,  the  secretion  in  another  part, 
equally  supplied  by  these  nerves,  viz.  the  bronchise,  was 
altered  and  greatly  increased. 

4.  In  Dr  Wilson  Philip's  experiments,  the  secretion  of 
the  stomach,  suspended  by  the  operation  in  the  neck,  was 
restored  by  Galvanism.  The  result  is  therefore  conclusive 
against  any  influence  from  nerves  being  essential  to  secre- 
tion, unless  it  wei-e  proved  that  nervous  influence  is  identi- 
cal with  galvanism.  Now  this  is  not  proved;  and  if  it 
were,  it  would  give  little  assistance  in  explaining  secretion  ; 
because  galvanism  is  a  single  known  chemical  agent,  and 
the  difficulty  is,  to  explain  the  evolution  of  many  and  various 
chemical  compounds,  in  different  parts  of  the  body,  from 
the  same  blood. 

III.  The  reference  made  by  Bichat,  of  the  phenomena 
in  question,  to  the  property  which  he  called  Organic  Sensi- 
bility, and  likened  to  Sensibility  properly  so  called,  is  also 
quite  unsatisfactory :  because  the  term  sensibility,  and  all 
principles  connected  with  it,  are  inapplicable  to  changes 
which  are  unattended  by  any  Sensation. 

It  appears,  on  the  whole,  beyond  doubt,  that  the  pheno- 
mena of  Secretion  and  Nutrition  are  inexplicable  by,  and 
inconsistent  with,  any  principles  that  can  be  deduced  from 
the  observation  of  dead  matter,  or  of  other  functions  of  the 
living  body.  At  the  same  time,  it  is  obvious  that  they  do 
not  take  place  fortuitously,  or  at  random,  but  according  to 
fixed  laws.  We  refer  them,  therefore,  to  a  Vital  Property, 
known  to  us  only  by  its  effects,  and  our  notion  of  which  is, 
as  yet,  necessarily  vague  and  imperfect ; — which  modifies 
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chemical  affinities  in  the  living  body ; — varying  in  different 
parts  of  the  body,  and  causing  these  to  be  differently  affect- 
ed by,  and  produce  different  effects  on,  the  blood  that  per- 
vades them ; — influencing  likewise,  no  doubt,  the  chemical 
nature  and  relations  of  the  blood  itself.  To  this  property, 
the  best  name  that  has  been  given  is  Vital  Affinity. 
Its  existence  will  always  be  an  ultimate  fact  in  Physiology  ; 
but  the  limits  of  its  agency,  and  the  laws  according  to  which 
it  modifies  the  chemical  relations  of  the  substances  subjected 
to  it,  may  be  ascertained ;  and  their  development  will  pro- 
bably constitute  the  next  great  discovery  in  this  Science. 

Dr  Prout  has  lately  laid  down  the  following  principles, 
as  to  the  formation  of  organic  compounds  in  living  bodies, 
which,  if  duly  established  by  observation,  will  be  so  many 
steps  in  this  inquiry. 

1.  That  all  organic  compounds  are  formed  by  the  same 
affinities,  which  exist  among  their  elements  when  existing 
in  inorganic  forms,  but  that,  in  the  vital  processes  by  which 
they  are  formed,  some  of  the  ultimate  particles  of  bodies 
are  excluded,  and  others  brought  into  contact,  according  to 
the  object  to  be  attained,  so  as  to  give  a  diffei'ent  effect  to 
these  affinities,  from  those  which  they  can  produce  in  other 
circumstances. 

2.  That  it  appears  to  be  essential  to  the  formation  of 
organic  compounds,  that  the  elements  composing  them 
should  not  unite  so  as  to  form  crystalline  substances,  and 
that  probably  no  ci-ystallizable  body  is  capable  of  constitu- 
ting a  portion  of  a  living  organized  being ;  such  products, 
when  they  do  occur,  being  either  the  result  of  excretion,  or 
of  disease,  or  of  some  artificial  process. 

3.  That  the  small  quantities  of  earthy  and  saline  subr 
stances  existing  in  all  organized  bodies  are  probably  essen- 
tial to  their  organization,  and  that  by  their  union  with  the 
other  elements  of  the  organic  compounds,  these  last  may 
probably  be  effectually  deprived  of  the  power  of  crystal- 
lization, or  merorganized. 

4.  That  all  organized  beings  appear  to  be  essentially 
constituted  by  compounds  which  may  be  referred  to  three 
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great  natural  classes  or  groups,  the  Albuminous,  the  Sac- 
charine, and  the  Oleaginous ;  and  that  in  each  of  these  the 
elements  are  combined,  not  according  to  certain  definite 
proportions  only,  but  in  proportions  varying  as  the  terms 
of  certain  series  of  numbers  (such  as  the  series  3,  6,  9, 
12,  &c.)  * 

In  the  mean  time,  several  well-known  facts,  besides  the 
phenomena  of  Secretion  and  Nutrition  themselves,  illustrate 
the  general  principle,  that  the  vessels,  and  the  powers  that 
move  the  blood  in  the  vessels,  in  different  organs  and  tex- 
tures of  the  body,  are  differently  affected  by  the  blood  that 
pervades  them,  or  by  substances  conveyed  to  them  by  that 
blood.    Of  this  kind  are, 

1.  The  difiFerence,  already  mentioned,  between  the  flow 
of  arterial  and  venous  blood  through  the  vessels  of  the 
lungs ;  while  both  pervade  with  ease  the  substance  of  the 
liver. 

2.  The  fact,  that  textures  which  shew  nearly  an  equal 
degree  of  vascularity  after  fine  injection  in  the  dead  body, 
habitually  admit  very  different  quantities  of  blood  in  the 
living  body  -f*. 

3.  The  specific  effects  of  various  poisons,  and  contagious 
effluvia,  circulating  in  the  blood,  on  individual  glands  or 
individual  membranes  only. 

The  widely  difi^erent  effect  of  various  substances  (e.  g.  of 
Air)  applied  externally  to  the  vessels  of  serous  and  of  mu- 
cous membranes,  must  be  referred  to  the  same  general 
principle. 

"  See  Lectures  in  London  Medical  Gazette,  vol.  viii. 
+  See  BiCHAT,  Anat.  Gener.,  torn.  ii.  p.  479. 
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CHAPTER  VI. 

OF  ABSORPTION. 

That  Absorption,  both  of  solids  and  fluids,  takes  place 
frequently,  and  to  a  great  extent,  in  the  living  body,  is 
easily  proved, 

1.  By  the  wasting  of  the  whole  body,  or  of  individual 
parts  of  it,  which  no  external  agents  can  affect,  observed 
in  various  circumstances  of  health  and  disease. 

2.  By  the  disappearance,  whether  spontaneous  or  deter- 
mined by  art,  of  fluids  which  had  been  perceived  in  various 
parts  of  the  body,  or  been  injected  into  the  cavities  of  the 
body. 

3.  By  the  effects  produced  by  various  substances  placed 
in  contact  with  any  living  surfaces,  exactly  similar  to  those 
produced  by  them  wlien  recei\  ed  into  the  stomach  or  in- 
jected into  a  vein. 

We  first  state  what  is  known  of  the  agents  by  whicli 
Absorption  is  effected,  and  afterwards  endeaA^our  to  esti- 
mate the  extent  to  which  it  is  cari'ied  on,  in  the  living 
body. 

I.  The  vessels  called  Absorbents  were,  for  a  time, 
thought  to  be  the  only  agents,  and  are  still  thougbt  to  be 
important  agents,  in  this  work  of  absorption. 

Tbese  vessels  are  similar  in  appearance  to  the  smaller 
veins,  but  are  of  more  delicate  texture;  their  coats  are  not 
distinctly  divisible  into  different  layers,  but  are  very  dis- 
tensible, tough,  and  elastic.  They  are  also  more  fully  pro- 
vided with  valves,  and  of  more  irregular  diameters,  than 
the  veins.  Their  smaller  branches  anastomose  very  freely, 
and  are  very  numerous  in  many  textures  of  the  body  ;  but 
there  are  some  textures,  as  the  Bones,  in  which  they  can 
hardly  be  traced,  and  others,  as  the  contents  of  the  Crani- 
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um  and  tlie  Nervous  SyBtem  generally,  in  whicli  they  have 
not  been  detected.  They  are  divided  into  the  Lacteals, 
which  come  from  the  intestines,  and  the  Lymphatics,  which 
come  from  other  parts  of  the  body.  The  origin  of  the 
lymphatics  has  never  been  distinctly  demonstrated  in 
warm-blooded  animals ;  but  in  fishes,  where  they  have  no 
valves,  anatomists  have  satisfied  themselves,  by  injection, 
that  they  have  open  mouths  ou  the  surface  of  membranes. 
The  origin  of  the  lacteals  by  little  openings  in  the  villi  of 
the  internal  membrane  of  the  intestines,  has  been  seen  in  a 
few  cases,  as  by  Cruikshanks  and  Magendie,  when  they 
were  distended  by  chyle. 

In  the  human  body,  all  the  vessels  which  can  be  distinct- 
ly recognised  as  lacteals  or  lymphatics,  pass  somewhere 
through  the  small  oval-shaped  bodies  called  Conglobate 
Glands,  most  of  whicli  are  set  together  in  clusters  in  the 
hams,  groins,  axillae,  on  the  sides  of  the  neck,  in  the  poste- 
rior mediastinum,  beside  the  iliac  arteries  and  aorta  in  the 
pelvis  and  abdomen,  and  in  the  mesentery.  Several  branches 
of  these  vessels  enter  and  pass  out  of  every  such  gland; 
and  they  are  so  intimately  subdivided  and  reunited  within 
its  substance,  that  every  branch  leaving  it  appears  to  be  in 
communication  with  every  branch  that  entered  it. 

Every  gland  is  likewise  fully  supplied  with  blood  from 
arteries,  which  are  minutely  subdivided,  and  convoluted 
within  it.  It  is  doubtful  whether  any  of  the  lymphatics 
leaving  a  gland  can  be  injected  from  the  arteries  entering 
it,  without  rupture  ;  but  that  some  intermixture,  by  tran- 
sudation, of  the  contents  of  these  minute  vessels  within 
the  glands  must  take  place,  can  hardly  be  doubted.  And 
according  to  the  observations  of  Mr  Abernethy  *,  the 
organs  in  the  whale,  which  correspond  to  mesenteric 
glands,  are  so  constructed  as  to  ensure  a  perfect  intermix- 
ture of  the  contents  of  all  the  vessels  entering  them. 

These  vessels  unite  after  the  manner  of  veins,  and,  when 
traced  to  their  termination,  lead  to  two  points  in  the  vas- 
cular system  ;  those  where  the  internal  jugular  and  subcla- 

•  Phil.  Trans.  1790. 
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vian  veins  meet,  on  each  side  of  the  neck.  The  trunk, 
which  terminates  here  on  the  left  side  of  the  body,  has  its 
chief  supply  from  the  thoracic  duct,  which  ascends  beside 
the  aorta  in  the  abdomen  and  thorax,  from  the  vertebra}  of 
the  loins.  But  it  is  now  ascertained,  by  the  observations 
of  Abernethy,  Bracy  Clark,  Tiedemann,  Fohman, 
Lauth,  Lippi,  Portal,  and  others,  that  in  Man,  and 
others  of  the  Mammalia,  vessels  which  have  the  characters 
of  lymphatics,  and  pass  through  glands,  occasionally  termi- 
nate in  the  veins  in  their  own  neighbourhood. 

The  contents  of  the  lacteal  vessels  will  be  considered 
under  the  head  of  Digestion.  The  fluid  contained  in  the 
lymphatic  vessels  of  animals,  and  in  the  thoracic  duct  of 
those  that  have  fasted  long,  has  been  found  very  various  in 
quantity,  and  somewhat  various  in  qualities  ;  but  in  general, 
of  fully  as  low  specific  gravity,  and  containing  as  little  ani- 
mal matter,  as  the  serum  of  the  blood,  and  nearly  resem- 
bling it  in  chemical  composition ;  with  these  remarkable 
difi'erences,  however,  that  a  number  of  globules,  similar  to 
those  of  the  blood,  are  observed  in  it ;  and  that  it  contains 
a  small  quantity  (not  more  than  ^  per  cent.)  of  fibrin,  and 
therefore  coagulates  where  emitted.  It  has  sometimes  a  red- 
dish colour,  and  becomes  florid  on  exposure  to  air,  espe- 
cially in  animals  that  have  fasted  long.  In  such  animals 
it  is  most  abundant ;  but  when  weakness  has  been  brought 
on  by  inanition,  its  quantity  is  again  diminished  *. 

That  the  movement  of  the  fluid  contained  in  these  ves- 
sels must  be  towards  the  great  veins,  is  shewn  by  the  struc- 
ture of  the  valves,  which  will  not  admit  of  motion  in  an 
opposite  direction,  unless  the  vessels  are  much  dilated. 
Although  the  motion  is  slow,  the  fluid  is  propelled  with 
force.  The  vess.els  contract  and  empty  themselves  when 
punctured ;  and  when  the  thoracic  duct  has  been  tied,  it 
has  generally  been  ruptm-ed  by  the  distention  below  the 
ligature  -f-. 

"  CoLABD  DE  Mautigny  in  "  Journal  de  Physiologie,"  1829. 
t  Sir  E.  Home,  Phil.  Trans.  1811. 
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Supposing  all  these  vessels  to  arise  (as  all  allow  the  lac- 
teals  to  do)  by  open  mouths,  from  the  surface  of  membi-anes, 
the  interior  of  cells,  &c.  the  principle  of  Capillary  Attrac- 
tion is  a  sufficient  cause  for  the  ascent  of  fluids  along  them ; 
but  the  influence  of  this  cause  alone  can  never  call  into  ac- 
tion the  elasticity  of  the  A'essels,  to  promote  that  ascent ; 
because  the  efi^ect  of  capillary  attraction  is  fixed  and  uni- 
form ;  and  in  order  that  the  elasticity  of  a  tube  may  be  a 
cause  of  motion  in  its  contents,  it  is  necessary  that  the 
other  forces  propelling  these  should  be  variable  or  intermit- 
ting. 

Neither  can  the  ascent  of  the  fluids  contained  in  these 
vessels,  in  so  far  as  it  depends  on  capillary  attraction,  be 
aided  by  the  action  of  the  valves ;  because  a  fluid  drawn 
up  into  a  set  of  tubes  by  this  cause  alone,  has  no  tendency 
to  recede ;  and  the  only  use  of  a  valve  is  to  prevent  reces- 
sion of  fluids. 

The  structure  and  the  elasticity  of  these  vessels,  there- 
fore, and  the  principle  of  capillary  attraction,  are  quite  in- 
adequate to  explain  the  momentum,  Avhich  the  facts  above 
stated  show,  that  the  contents  of  these  vessels  in  the  living 
body  possess  ;  and  no  other  cause  can  be  assigned  which, 
on  merely  mechanical  principles,  mil  explain  these  pheno- 
mena. We  are  therefore  constrained  to  believe,  that  the 
fluid  in  these  vessels  is  moved  by  powers  which  are  strict- 
ly Vital ;  but  how  far  vital  contractions  of  the  vessels  may 
suflSce  for  the  explanation  of  this  motion,  or  how  far,  as  in 
the  case  of  the  capillary  circulation,  other  vital  powers  may 
be  supposed  to  operate,  is  doubtful. 

We  shall  see  reason  to  think  likewise,  that  some  of 
the  absorbent  vessels  take  up  certain  fluids  in  preference 
to  others,  and  even  of  others  of  which  the  particles  are 
smaller;  and  for  this  preference,  it  is  obvious  that  the 
principle  of  capillary  attraction  offers  no  explanation. 

Some  doubt  has  been  thrown  over  the  general  opinion  as 
to  the  origin  of  Lymphatics  strictly  so  called,  from  the  ge- 
neral uniformity  of  their  contents,  and  from  the  fact,  of 
their  frequently  receiving  a  part  of  injections  thrown  into 


54,  OUTLINES  or  PHYSIOLOGY. 

arteries.  But  the  following  reasons  may  be  given  for 
tliinking,  that  the  whole  of  this  system  of  vessels  is  en- 
gaged in  the  work  of  absorption. 

1.  The  whole  of  these  vessels  are  constructed  exactly 
alike,  and  they  lead  to  the  same  termination ;  and  the  ori- 
gin and  absorbing  power  of  the  lacteals  is  undoubted. 

2.  Although  these  vessels  have  often  been  filled  by  matters 
injected  into  arteries,  yet,  after  the  most  minute  and  suc- 
cessful injections  made  by  Mascagni  with  size  and  A'er- 
milion,  and  where  no  rupture  of  vessels  could  be  detected, 
it  was  found  that  the  matter  existing  in  these  vessels  was 
only  the  colourless  size,  which  had  transuded  on  the  sur- 
face of  membranes,  and  into  the  cellular  texture ;  and  this 
colourless  size  was  found  in  these  vessels  only,  all  vessels 
which  contained  coloured  matter  being  traced  to  arteries 
and  veins ;  so  that  tlie  evidence  of  these  injections  favours 
the  belief  that  the  lymphatic  vessels  are  not  continuous 
with  arteries,  but  may  be  filled  by  any  matters  that  are  ef- 
fused from  arteries. 

3.  The  well  known  morbid  phenomenon,  of  those  lym- 
phatic glands  very  frequently  becoming  inflamed  which  lie 
in  the  course  of  the  lymphatic  A'^essels  leading  from  ulce- 
rating surfaces  (where  it  is  certain  that  absorption  is  going 
on,  and  where  noxious  substances  are  often  absorbed  from 
without)  strongly  indicates  that  it  is  through  these  vessels, 
at  least  in  part,  that  this  process  is  carried  on. 

4.  In  some  cases,  a  striking  correspondence  has  been 
observed  by  Mascagni  and  others,  after  death,  between 
the  contents  of  the  lymphatic  vessels  of  parts  of  the  body 
and  various  morbid  effusions  or  secretions  existing  at  those 
parts  *. 

The  absence  of  any  peculiar  matters  from  the  larger 
branches  of  the  lymphatics,  remarked  by  Andral  and 
others,  in  many  subjects  where  extensive  suppurations  or 
other  effusions  had  existed,  is  not  decisive  evidence  against 

•  See  particularly  Mascagni  Vasor.  Lymphat.  Historia,  p.  20.  The 
most  important  cases  recorded  by  him  are  not  noticed  in  the  commentary 
on  this  passage  by  Magendie. 
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this  doctrine;  particularly  as  it  is  known  that  the  contents 
of  these  vessels  are  often  moved  forwards,  after  most  of  the 
functions  of  life  haA^e  ceased. 

But  we  liave  now  satisfactory  proofs  that  the  function  of 
Absorption  is  carried  on  likewise  by  Veins,  and  to  a  much 
greatei-  extent  than  the  small  number  of  vessels  having  the 
character  of  lymphatics,  which  have  been  found  to  termi- 
nate in  the  smaller  veins,  can  explain. 

The  experiments  of  Hunter,  made  by  exposing  and  iso- 
lating small  portions  of  the  intestines  of  living  animals, 
filling  them  with ,  different  fluids,  chiefly  milk  and  a  solu- 
tion of  indigo,  and  then  examining  the  contents  of  the  lac- 
teals,  and  of  the  veins  leading  from  these,  may  be  allowed 
to  prove  two  points  :  1st,  That  absorption,  at  least  of  milk, 
and  probably  of  other  fluids,  diff^erent  from  chyle,  took 
place  in  his  trials  by  the  lacteals ;  2dly,  That  no  absorption 
could  be  ascertained,  in  his  trials,  to  have  taken  place  by 
the  veins. 

The  first  of  these,  which  is  a  positive  observation,  al- 
though opposed  to  the  results  obtained  by  Magendie  and 
others,  agrees  with  the  results  of  many  other  experiments, 
by  Lister,  Haller,  Blumenbach,  Tiedemann  and 
Gmelin,  Lawrence  and  Coates,  and  Fodera,  in  which 
it  appeared  that  a  certain  portion  of  diff'erent  fluids,  intro- 
duced into  the  intestines,  was  taken  up  by  the  lacteals ; 
and  the  possibility  of  their  absorbing  fluids  different  from 
chyle  may,  therefore,  be  held  to  be  decided.  But  the  se- 
cond observation  of  Mr  Hunter,  which  is  a  negative  one, 
is  quite  an  insufficient  ground  for  the  general  conclusion, 
that  veins  do  not  absorb ;  and  the  reality  of  venous  ab- 
sorption is  now  put  beyond  all  doubt,  by  the  positive  ob- 
servation of  many  physiologists,  particularly  by  the  fol- 
lowing. 

1.  The  experiments  of  Sir  E.  Home  and  Mr  Brodie  * 
prove,  that  when  the  great  lymphatic  trunks  are  tied  in 
warm-blooded  animals,  substances  injected  into  the  sto- 
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mach,  nevertheless  quickly  find  tlieir  way  into  the  circula- 
tion, and  may  be  detected  in  the  urine. 

2.  Experiments  made  by  Magendie,  Flandrin,  Tiede- 
MANN  and  Gmelin,  and  others,  prove  that  odoriferous  sub- 
stances, known  by  their  smell,  and  saline  substances,  indi- 
cated by  their  tests,  after  being  fakcu  into  the  stomach,  are 
detected  in  the  veins  on  the  mesentery,  both  larger  and 
smaller,  and  in  the  vena  portae,  much  more  than  in  the  lac- 
teals  and  thoracic  duct. 

3.  Experiments  made  by  Magendie,  prove  thafr*a  poison 
introduced  into  an  isolated  portion  of  intestine,  communi- 
cating with  the  rest  of  the  body  only  by  an  artery  and  vein, 
or  into  the  cellular  texture  of  a  similarly  isolated  limb,  acts 
in  the  usual  way,  and  nearly  in  the  usual  time,  when  the 
circulation  is  free. 

4.  Iii  experiments  made  by  Segalas,  it  appeared  that  a 
poison  introduced  into  a  portion  of  intestine  between  two 
ligatures,  failed  of  effect  as  long  as  the  artery  and  vein  lead- 
ing to  that  portion  were  tied,  or  the  venous  blood  allowed 
to  escape  by  a  wound  in  the  vein,  although  the  lacteals  and 
other  textures  were  uninj  ured ;  but  took  eflFect  as  soon  as 
the  circulation  was  set  free,  and  the  venous  blood  allowed 
to  return  to  the  heart  *. 

5.  In  experiments  made  by  Professor  Mayer,  it  appeared 
that  saline  substances  introduced  in  small  quantity  into  the 
bronchia?  of  animals,  found  their  way  very  quickly  into  the 
blood,  although  the  thoracic  duct  was  tied;  and  were  de- 
tected in  the  left  side  of  the  heart  much  sooner  than  in  the 
right  side  f . 

6.  In  experiments  by  Fodera:}:,  it  appeared  that  two  sa- 
line solutions,  applied  to  the  inner  and  outer  membi-ane  of 
an  isolated  portion  of  intestine  in  a  living  animal,  tvere 
united  in  the  small  veins  leading  directly  from  that  portion 
of  intestine. 

7.  In  experiments  by  Magendie,  it  appeared  that  a  poi- 
son applied  tq  an  isolated  vein,  with  all  precautions  to  avoid 

•  Journal  de  Physiologie,  1822. 

t  Bibliotheque  Universelle,  Jan.  1818. 

+  Recherches  Experimentalcs  siir  rAbsorption  et  I'Exhalation. 
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contact  with  other  textures,  or  even  to  an  isolated  artery, 
gradually  transuded  into  the  interior  of  the  vessel,  and  then 
produced  its  usual  effects. 

In  cases  of  disease  where  large  deposits  of  morbid 
matter  have  taken  place  within  a  short  time, — in  cases  of 
Suppuration,  of  Fungus  Heematodes,  and  of  Melanosis,  the 
veins  of  the  affected  parts  have  been  found  loaded  with  the 
morbid  matter,  more  generally  than  the  absorbents ;  which 
has  been  also  regarded  as  a  proof  of  venous  absorption  ;  but 
it  will  appear  from  facts  to  be  afterwards  stated,  that  the 
most  probable  explanation  of  this  appearance  is  difl^erent. 

It  would  appear,  however,  from  what  has  been  said,  that 
the  veins  are  concerned  in  the  function  of  absorption  in  all 
the  following  ways  : — 1.  They  themselves  absorb,  chiefly  by 
their  smallest  branches,  at  least  fluid  matters.  2.  The  con- 
tents of  the  lacteals  and  lymphatics  are  probably  partially 
intermixed  with  those  of  the  veins  in  lymphatic  glands. 
3.  Some  of  the  smaller  lymphatic  trunks  terminate  in 
veins.  4.  The  largest  lymphatic  trunks  terminate  in  the 
gi-eat  veins  of  the  neck. 

From  the  inner  membrane  of  the  intestines,  it  would 
seem,  from  the  observations  of  many  experimenters,  that 
the  absorption  of  thin  fluids  is  chiefly  by  veins,  and  that  of 
the  chyle,  which  is  a  thicker  fluid,  by  the  open  mouths  of 
the  lacteals  only. 

Two  facts  of  much  importance  may  be  stated  here,  as 
natural  consequences  of  the  principle  of  absorption,  in  most 
parts,  taking  place  chiefly  by  transudation  into  the  interior 
of  vessels,  in  which  a  current  of  blood  is  continually  flowing. 

1.  That  the  absorption  is  much  diminished  by  unusual 
fulness  of  the  sanguiferous  vessels,  and  increased  by  their 
inanition,  as  appeared  particularly  in  experiments  of  MAr 
GENDiE,  where  the  efltects  of  poisons  introduced  into  cavi- 
ties of  the  body  were  observed,  first  after  an  artificial  ple- 
thora had  been  induced  by  injections  of  water  into  the  ves- 
sels, and  then  after  the  vessels  had  been  partially  drained 
of  their  blood,  and  found  to  be  much  retarded  in  the  former 
case,  and  accelerated  in  the  latter. 

E  2 
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2.  Tliat  absorption  fi  om  any  surface  of  the  body  is  much 
diminished,  or  suspended,  by  greatly  diminishing  the  pres- 
sure of  the  atmosphere  on  the  part ;  as  is  shewn  by  the 
actions  of  a  cupping-glass  in  many  experiments  of  Dr 
Barry  and  others,  preventing  the  absorption  and  injurious 
action  of  poisons. 

II.  That  absorption  of  the  fluids  of  the  body  is  conti- 
nually going  on,  is  evident  from  familiar  facts ; — as  to  the 
contents  of  the  Alimentary  Canal,  from  the  disproportion 
between  the  ingesta  and  egesta  ; — as  to  the  Fat,  from  its  di- 
minution in  consequence  of  fasting; — as  to  the  Bile  and 
Urine,  from  their  higher  colour  and  greater  density  when 
they  are  long  retained  ; — as  to  the  Contents  of  the  Thorax 
and  Abdomen,  from  the  rapid  disappearance  of  any  fluid 
introduced  there  artificially,  &c. 

That  a  continued  Absorption  of  the  solids  of  the  body 
likewise  takes  place,  is  concluded  chiefly  from  the  follow- 
ing considerations. 

1.  The  same  kind,  and  nearly  an  equal  amount,  of  sup- 
plies from  without,  go  to  the  blood  during  the  adult  state, 
and  when  the  solids  are  apparently  stationary  in  bulk,  as 
during  the  period  of  the  most  rapid  growth. 

2.  The  penetration  of  the  solid  textures  by  arterial  blood 
is  necessary  to  preserve  them  from  putrefaction,  and  it 
seems  probable  that  this  preservation  is  eff^ected  by  a  per- 
petual change  of  their  particles. 

3.  In  various  circumstances,  both  of  health  and  disease, 
absorption  of  animal  solids  is  easily  caused,  and  shews  itself 
unequivocally  ;  e.  g.  in  the  muscles  in  consequence  of  rest ; — 
in  all  textures,  and  especially  in  the  Bones,  in  the  decline  of 
life; — in  the  Thymus  Gland  after  birth; — in  the  Uterus 
after  delivery ;  in  the  gradual  alteration  of  the  form  of 
several  bones  and  other  organs,  both  during  their  growth, 
and  in  the  subsequent  progress  of  life ; — in  the  gradual  di- 
minution of  the  size  of  various  organs,  by  interstitial  ab- 
sorptio7i,  in  consequence  of  fasting,  and  of  diff'erent  diseases; 
— and  of  almost  all  oi-gans,  by  profffessive  absorption,  when 
they  arc  subjected  to  unusual  pressure  from  tumors  or  ab- 
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scesses; — and  in  the  process  of  Ulceration.  In  all  these 
cases,  as  the  vascular  organization  of  the  parts,  in  which 
the  increased  absorption  is  going  on,  undergoes  no  material 
change,  it  cannot  be  supposed  that  the  vessels  have  assumed 
an  unwonted  office.  . 

There  is,  however,  great  variety  as  to  the  facility  and  ra- 
pidity of  absorption  in  different  textures.  The  permanence 
of  the  marks  on  the  surface  of  the  body  produced  by  gun- 
powder, and  by  tatooing,  and  the  long  duration  of  the  colour 
pi'oduced  by  the  full  internal  use  of  nitrate  of  silver,  suffi- 
ciently indicate  that  the  renewal  of  the  particles  of  the  true 
skin  is  a  very  slow  process.  But  the  facts  stated  leave  no 
room  for  doubt,  that  those  of  the  animal  solids  which  are 
provided  with  vessels,  and  are  dependent  for  their  proper- 
ties on  the  constant  flow  of  blood  through  these  vessels,  are 
subject  to  a  continual  although  slow  process  of  absorption 
and  renewal  of  their  particles. 

CHAPTER  VII. 

ON  THE  PROPERTIES  OF  THE  TEXTURES  AND  SECRE- 
TIONS FORMED  FROM  THE  BLOOD  IN  THE  LIVING 
BODY. 

The  different  Textures  and  Secretions  which  are  formed 
from  the  blood,  are  the  materials,  which  are  variously  com- 
bined in  the  constitution  of  the  different  sets  of  organs,  the 
functions  of  which  are  considered  in  the  other  departments 
of  Physiology ;  and  a  knowledge  of  the  general  anatomy  of 
these  is  essential  to  a  right  understanding  of  the  uses  to 
which  they  are  applied.  We  introduce  here,  therefore,  a 
short  summary,  in  regard  to  each  iexiuve,  first,  of  its  merely 
physical  properties,  the  purposes  these  serve,  and  its  distri- 
bution over  the  body  for  these  purposes ;  secondly,  of  its 
chemical  properties  and  composition;  and,  thirdly,  of  the 
vital  phenomena  it  exhibits,  and  the  peculiarities  of  any  se- 
cretions that  may  be  formed  in  it. 
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Almost  all  the  solid  textures  have  appeared  to  several 
observers,  under  the  microscope,  to  consist  ultimately  of" 
minute  globules,  of  the  same  size  with  those  existing  in  the 
blood.  But  the  investigations  of  Mr  Brown  and  Dr  Hodg- 
KiN  render  it  doubtful  .whether  that  appearance  is  not  de- 
ceptive. 

The  knowledge  of  the  chemical  composition  of  the  dif- 
ferent textures,  and  of  the  fluids  formed  in  them,  gives  at 
present  but  little  assistance,  either  to  their  Physiology  or  Pa- 
thology ;  but  will  no  doubt  assume  a  greater  importance, 
when  we  shall  have  more  precise  ideas  as  to  the  modifica- 
tions wbich  chemical  principles  undergo  in  living  bodies. 

The  strictly  vital  phenomena  presented  by  most  of  the 
textures,  are  nearly  confined  to  the  vascular  parts  included 
within  them ;  but  the  most  important  vital  properties  of 
some  of  the  textures,  particularly  the  muscular  and  the 
nervous,  reside  evidently  in  parts  exterior  to  the  vessels. 

We  omit,  for  the  present,  all  mention  of  the  sensibility 
of  the  diflferent  textures ;  that  being  in  fact  a  part  of  the 
Physiology  of  the  Nervous  System. 

We  consider  here,  first,  those  textures  which  have  origi- 
nally a  cellular  structure,  and  may  be  made  to  shew  some- 
what of  that  structure  by  maceration  in  water ;  and  after- 
wards those  which  shew  a  fibrous,  but  not  a  cellular  struc- 
ture. 

I.  Of  Bone. 

This,  the  hardest  and  densest  of  the  animal  solids  in  man, 
as  in  other  vertebrated  animals,  gives  the  general  form  to 
the  body,  and  the  requisite  strength  and  support  to  many 
of  its  parts.  It  gives  protection  to  the  most  important 
viscei-a,  and  firm  attachments  to  most  of  the  muscles,  and 
to  ligaments,  tendons,  and  fasciae;  and  the  articulations 
of  the  different  bones  are  essential  to  most  of  the  muscular 
movements. , 

All  the  bones  are  composed  of  laminae,  so  arranged  as  to 
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form  cells,  which  in  the  long  bones  have  the  form  of  mi- 
nute longitudinal  canals.  All  have  a  firm  investing  mem- 
brane externally,  and  a  more  delicate  membrane  lining  the 
cavities  in  their  interior,  in  which  the  medulla  is  lodged. 
There  are  important  diiferences  as  to  the  arrangement  of 
the  cellular  structure  in  different  bones.  The  external 
parts  are  the  most  compact ;  in  the  short  and  flat  bones, 
the  internal  cellular  structure  is  pretty  uniform ;  whereas 
the  broad  extremities  of  the  long  bones  of  the  limbs  are 
composed  of  a  spongy  texture  throughout,  and  their  narrower 
shafts  have  a  thicker  compact  structure  externally,  and  a 
long  cavity  in  their  interior.  By  these  arrangements  these 
bones  have  sufficient  strength,  combined  with  lightness ; 
their  articulating  ends  have  sufficient  breadth ;  and  they 
give  both  sufficient  room  for  the  fleshy  bellies  of  the  mus- 
cles, and  advantageous  attachments  for  their  tendinous  ex- 
tremities. 

The  bones  consist  of  earthy  and  animal  matter,  which 
are  intimately  incorporated,  even  in  the  minutest  particle 
of  their  substance  *.  The  earthy  matter  constitutes  nearly 
2-3ds  of  their  weight.  It  consists  almost  entirely  of  Phos- 
phate with  a  little  Carbonate  of  Lime.  These  may  be  freed 
from  the  animal  matter  by  burning  bone,  or  they  may  be 
dissolved  from  it  by  diluted  muriatic  acid,  and  successively 
precipitated  from  the  solution  by  Ammonia,  and  Carbonate 
of  Ammonia. 

When  bone  has  been  deprived  of  all  its  animal  matter  by 
the  action  of  fire,  it  retains  its  hardness,  but  has  become 
brittle  and  inelastic ;  when  all  its  earthy  matter  has  been 
extracted  by  acid,  it  retains  its  form,  but  has  become  soft 
and  flexible. 

Two  animal  principles  are  contained  in,  or  maybe  easily 
procured  from  bone, — Gelatin  and  solid  Albumen.  The 
gelatin  is  obtained  by  the  long  continued  action  either  of 
diluted  muriatic  acid  or  of  boiling  water ;  and  by  the  con- 
tinued application  of  these  agents,  particularly  by  water 

•  See  Gordon's  System  of  Anatomy,  p.  253,  and  Ceaigie's  General 
and  Pathological  Anatomy,  p.  531. 
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heated  under  pressure  to  above  212°,  its  quantity  is  so  much 
increased,  that  it  is  probably  in  part  formed  by  the  process. 
The  albuminous  contents  of  bone  remain  after  both  these 
processes. 

The  Gelatin  which  is  procured  from  bones  and  from  va- 
rious other  animal  textures,  by  these  means,  is  distinctly 
characterized  by  its  ready  solubility  in  hot  water,  and  its 
forming  a  tremulous  mass  when  cooled,  by  its  solubility  in 
diluted  mineral  acids,  by  combining  with  caustic  alkalies, 
but  not  forming  a  compound  like  soap  ;  by  its  being  con- 
vertible, by  the  action  of  sulphuric  acid,  into  a  saccharine 
matter  ;  by  the  copious  precipitate  it  forms  with  the  vege- 
table astringent  principle  called  Tannin ;  and  also,  by  being 
more  putrescible  than  the  other  animal  principles  already 
mentioned.  It  differs  from  the  others  chiefly  in  containing 
more  Oxygen,  and  less  Carbon,  its  analysis  being. 

Carbon.  Hydrogen.  Oxygen.  Azote. 
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These  differences  may  give  us  a  general  idea  of  the  man- 
ner in  which  this  substance  may  be  formed  in  the  living 
body,  from  the  albuminous  contents  of  the  blood. 

The  effects  of  injury,  and  particularly  of  fracture  of 
bones,  the  effects  of  pressure,  from  whatever  cause,  exerted 
on  them,  and  the  effects  of  various  diseases,  sufficiently  in- 
dicate, that  the  vital  processes  of  nutrition  and  absorption 
are  performed  in  this  texture  with  activity ;  and  may  go  on 
to  a  greater  extent  than  in  almost  any  other  texture,  al- 
though they  take  place  more  slowly  than  in  many  of  the 
soft  textures. 

But  the  vessels  that  can  be  traced  into  the  substance  of 
bones  are  minute ;  and  their  nutrition  is  very  dependent  on 
the  Avascular  membranes  which  invest  them  internally  and 
externally,  and  on  which  their  vessels  ramify,  until  they 
are  much  reduced  in  size.  Hence  the  destruction  of  either 
of  these  membranes  causes  always  the  death,  at  least  of  the 
adjoining  portions  of  bone  ;  and  in  the  reparation  of  bone 
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the  adjoining  soft  textures  are  always,  although  not  exclu- 
sively, employed. 

The  nutrition  of  bone  takes  place  chiefly  heneath  the  pe- 
riosteum, on  its  surface ;  and  in  the  case  of  fracture  it  would 
even  appear,  that  a  part  of  the  lymph,  which  is  converted 
into  bone,  is  thrown  out,  in  the  first  instance,  by  the  vessels 
of  other  soft  textures,  exterior  to  the  periosteum  *. 

The  absorption  of  bone  in  the  living  body,  is  so  easily 
produced  by  pressure,  that  bones  are  obviously  modelled, 
in  a  great  measure,  by  the  pressure  even  of  soft  living  parts 
(e.  g\  artex-ies)  within  or  beneath  them  ;  and  it  would  seem, 
particularly  from  the  medullary  cavities  within  the  bones 
gi-adually  enlarging  after  their  growth  is  completed,  that 
the  presence  of  the  medulla  determines  absorption  to  go 
on  habitually  from  their  interior,  more  than  from  their 
surface. 

The  red  colour  which  is  given  to  bones,  by  mixing  mad- 
der with  the  food  of  animals,  particularly  when  young, — 
and  the  rapid  disappearance  of  that  colour,  especially  from 
their  outer  part,  after  the  use  of  the  madder  is  discon- 
tinued,— are  proofs  of  their  vascularity,  and  of  the  ready 
escape  of  substances  from,  and  subsequent  re-entrance  into, 
their  bloodvessels ;  and  farther  indicate  that  these  changes 
take  place  most  readily  on  their-  outer  surface.  But  these 
experiments  do  not  prove,  that  the  earthy  matter  of  the 
bones  is  deposited  and  reabsorbed  with  such  rapidity  as  the 
colouring  matter  of  the  madder  ;  because  the  union  of  this 
with  the  earthy  matter  of  the  bones,  and  its  subsequent  so- 
lution in  the  serum,  appear  to  be  simply  chemical  pheno- 
mena -j- ;  and  in  advanced  life  particularly,  the  renewal  of 
the  bony  texture,  in  the  healthy  state,  seems  to  be  a  very 
slow  process. 

The  Medulla,  which  is  contained  in  the  cavities  within 
the  bones,  and  confined  by  laminae  of  the  internal  membrane 

•  DupuYTREN  and  Cruveilhier.    See  Diet,  des  Sciences  Medicales, 
Art.  Ossification, 
t  Gibson,  Manchester  Memoirs,  New  Series,  vol.  i. 
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passing  across  these  cavities,  does  not  materially  differ  from 
fat  or  other  animal  oils.  Like  the  others,  it  has  been  found 
to  consist  of  two  oils,  one  fluid  and  the  other  solid  at  ordi- 
nary temperatures,  which  are  mechanically  separable  from 
each  other,  and  to  which  the  names  of  Oleine  and  Stearine 
have  been  given.  It  has  no  connexion  with  the  synovia  of 
tlie  joints ;  nor  is  its  use  understood,  except  in  so  far  as  it 
contributes  to  the  combination  of  strength  and  lightness  in 
the  bones,  and  may  assist  in  determining  their  forms. 

The  Teeth,  in  the  adult  state,  divided  by  their  form  and 
position  into  four  incisores,  two  cuspidati,  four  bicuspides, 
and  six  molares  in  each  jaw,  are  distinguished  from  other 
bones  by  their  position — being  implanted  in  the  maxillary 
bones,  and  invested  only  as  far  as  the  neck  by  periosteum — 
by  the  cavities  within  them,  which  contain  a  vascular  pulp, 
and  communicate  with  the  rest  of  the  body  by  the  apertures* 
at  the  extremities  of  the  fangs ; — and  by  the  peculiarity  of 
their  composition,  the  bone  which  forms  the  greater  part  of 
each  tooth  containing  above  70  per  cent,  of  earthy  matter, 
which  is  more  than  any  other  bones  contain  ;  and  the  ena- 
mel, which  coats  the  crown  of  the  teeth,  containing,  ac- 
cording to  Berzelius,  not  less  than  98  per  cent,  of  earthy 
matter,  including  above  three  per  cent,  of  fluate  of  lime. 

As  the  bony  matter  of  the  teeth  in  ordinary  cases,  not 
only  shews  no  vessels  after  the  finest  injection,  but  under- 
goes, in  the  adult  state,  no  change  of  size  or  form  by  any 
vital  process, — is  never  repaired  after  injury, — is  unaffected 
by  diseases  of  the  other  bones, — and  appears  subject  to  no 
altei'ation  except  simple  decomposition, — this  texture,  or  at 
least  as  much  of  it  as  exists  in  the  crown  of  the  teeth,  can- 
not be  regarded  as  possessed  of  vitality,  after  the  period  of 
its  growth  is  over ;  but  there  may  be  a  few  cases  in  which 
strictly  vital  phenomena  are  exhibited  in  it  at  a  later  pe- 
riod *. 


•  See  Bell  on  the  Teeth. 
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II.  Of  Cartilage.  ' 

This  texture  is  found  in  those  parts  of  the  body  in  which 
there  is  occasion  for  the  physical  qualities  of  sti-ength  and 
firmness,  combined  with  more  or  less  of  flexibility,  and 
with  elasticity,  which  are  its  characteristic  properties. 
From  these  qualities,  and  from  its  smooth  surface,  arise  its 
great  importance  and  utility  in  the  formation  of  the  joints, 
and  in  the  junctions  of  various  bones, — in  the  composition 
of  the  spine, — in  the  nostrils,  larynx,  and  trachea, — exter- 
nal ear,  &c. ;  but  in  these  different  situations  it  is  found  un~, 
der  considerable  variety  of  density  and  flexibility,  and,  in 
some  parts,  approaching  to  the  flexibility  and  toughness  of 
tendinous  substance,  has  received  the  name  of  Fibro-car- 
tilage.  The  structure  of  the  harder  cartilages,  as  those  at 
the  ends  of  bones,  is  almost  perfectly  homogeneous. 

Its  chemical  composition  appears  to  be  nearly  identical 
with  that  of  the  animal  matter  of  bones.  By  long  conti- 
nued boiling  in  water,  under  pressure,  it  may  be  almost 
entirely  converted  into  a  gelatinous  solution,  but  the  ordi- 
nary operation  of  boiling  leaves  a  considerable  albuminous 
residue. 

Cartilage  is  invested  with  a  membrane  nearly  resembling 
the  periosteum,  but  no  vessels  can  be  traced  into  its  sub- 
stance, excepting  where  it  is  about  to  undergo  conversion 
into  bone.  That  it  possesses  vessels,  however,  may  be  in- 
ferred from  A^arious  changes  which  it  occasionally  under- 
goes in  the  progress  of  life,  and  still  more  in  disease ;  espe- 
cially from  its  being  sometimes  partially  absorbed,  and 
sometimes  altered  in  structure,  without  alteration  of  the 
adjoining  bones. 

As  it  contains  little  or  no  earthy  matter,  cartilage,  in  the 
dead  body,  resists  decomposition  much  less  than  bone  does ; 
but,  on  the  other  hand,  as  it  is  so  much  less  vascular  than 
bone,  it  undergoes  changes  dependent  on  vital  actions  much 
more  slowly,  and  offers  much  more  resistance,  in  the  li- 
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ving  body,  to  the  processes  of  progressive  or  ulcerative  ab- 
sorption. 


III.  Of  Tendinous  or  Fibrous  Substance. 

This  substance  composes  not  only  the  tendons,  but  the 
ligaments  and  certain  membranes,  viz.  the  Periosteum, 
Dura  Mater,  Tunica  sclerotica  of  the  eye,  and  Aponeuro- 
ses or  Fascia?.  All  these  consist  of  delicate  white  fibres,  of 
a  shining  or  silvery  appearance,  differently  disposed.  This 
texture  possesses  more  tenacity  or  toughness  than  any  other 
in  the  body :  and,  with  the  exception  of  the  periosteum  and 
dura  mater  (the  importance  of  which  to  the  nourishment 
of  bones  was  already  stated),  it  appears  to  be  useful  in  the 
animal  economy  only  by  this  mechanical  property  of  tough- 
ness, which  renders  it  a  sufficient  attachment  for  the  ori- 
gin of  certain  muscles ;  the  best  medium  of  connexion  by 
which  muscles  can  be  attached  to  bones,  and  bones  to  each 
other ;  and  the  firmest  bond  by  which  the  movements  of 
muscles,  tendons,  or  other  parts,  can  be  confined  to  the 
proper  places  and  directions.  That  it  may  answer  these 
purposes,  it  has,  in  many  parts  of  the  body,  firm  connexions 
with,  bones.  Most  parts  formed  of  this  substance  resist  the 
action  of  boiling  water  more  than  many  other  textures  do ; 
but  gelatin  may  be  obtained  from  them  all,  and  the  ten- 
dons ai'e  almost  entirely  resolvable  into  it.  The  portion 
that  resists  the  action  of  boiling  water,  does  not  seem  to 
differ  essentially  from  solid  albumen. 

The  membranes  of  this  class  are  fully  provided  with  ves- 
sels, and  give  frequent  evidence  of  alterations  of  the  vital 
process  of  nutrition ;  but  the  vital  actions  of  ligaments,  and 
more  especially  of  tendons,  are  slow  and  feeble,  and  all 
parts  formed  of  this  textm-e  exhibit  in  disease,  and  particu- 
larly in  inflammation,  less  violent  and  rapid  changes  than 
other  membranous  parts.  Being  little  liable  to  absorption, 
they  often  set  bounds  to  ulceration,  or  other  diseased  ac- 
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tions ;  and  by  their  physical  qualities,  they  often  compress 
inflamed  parts,  and  confine,  or  alter  the  direction  of,  morbid 
effusions.  Hence  the  practical  importance  of  acquaintance 
with  their  anatomical  disposition  in  the  body. 

IV.  Of  Cellular  and  Adipose  Substance. 

The  first  of  these  names  is  given  to  the  soft  filamentous 
substance  very  generally  extended  over  the  body,  which 
connects  together  the  various  soft  parts  of  the  animal 
frame,  and  fills  up  all  interstices  ;  and  the  slender  laminae 
of  which  are  so  interwoven  with  each  other,  that  when 
raised  or  distended,  they  appear  to  form  numerous  irregu- 
lar cells  communicating  freely  with  each  other.  It  varies 
much  in  density  in  the  various  parts,  where  it  is  interposed 
between  the  more  determinate  forms  of  other  textures,  e.  g. 
beneath  the  integuments,  around  and  between  the  fasciculi 
of  muscular  fibres,  between  membranes,  around  vessels, 
and  in  the  substance  of  glands ;  but  gives  a  free  passage,  in 
almost  all  parts,  either  to  liquids  or  air.  It  is  everywhere 
lubricated  by  a  little  serous  fluid ;  and  its  degree  of  tena- 
city, with  its  softness,  flexibility,  and  moisture,  make  it 
the  best  cement  for  holding  together  such  parts  of  the 
body  as  do  not  require,  or  would  be  injured  by,  firm  con- 
straint. 

This  texture  yields  gelatin  abundantly,  though  not  readi- 
ly, to  boiling  water.  It  is  not  only  penetrated  by  numerous 
larger  bloodvessels,  but  shews,  on  injection,  more  nume- 
rous capillary  bloodvessels  and  absorbents,  than  any  of  those 
textures  in  which  no  fluids  are  formed. 

The  quantity  of  serous  fluid  exhaled  into  the  general  cel- 
lular texture,  in  the  healthy  state,  is  very  small.  But  in 
many  parts  'of  the  body,  cellular  membrane,  of  a  more  de- 
terminate foi-m,  encloses  within  it  a  quantity  of  animal  oil, 
and  this  has  the  name  of  Adipose  Texture.  This  appears 
to  be  in  a  fluid  or  semi-fluid  state,  in  the  living  body,  but 
is  retained  in  the  cells,  even  in  the  dead  body,  and  when 
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rendered  quite  fluid  by  heating,  until  these  are  ruptur- 
ed *. 

This  adipose  texture  is  found  in  the  greatest  quantity  be- 
neath the  true  skin,  about  the  kidneys,  and  in  the  mesen- 
tery and  omentum,  in  the  orbits:,  within  certain  glands, 
about  the  heart,  &c.  There  is  little  or  none  beneath  the 
integuments  of  the  head,  in  the  male  organs  of  generation, 
about  the  joints,  or  in  the  substance  of  most  of  the  viscera. 
The  composition  of  the  animal  fat  has  been  thus  stated : 

Carbon.  Hydrogen.  Oxygen. 

69  21.34  9.66 

This  and  others  of  the  animal  oils,  are  easily  distinguished 
by  tliesc  marks,  that  they  melt  at  about  96°,  are  very  inflam- 
mable, are  insoluble  in  water  or  alcohol,  and  form  soap  with 
the  alkalies. 

This  texture  is  useful  in  those  insterstitial  spaces  in  the 
body  where  a  certain  quantity  of  soft  but  tenacious  sub- 
stance is  required,  to  obviate  pressure,  or  preserve  symme- 
try. The  subcutaneous  fat  is  manifestly  useful  in  preserv- 
ing the  heat  of  the  body.  It  is  obvious  likewise,  from  the 
growth  of  tliis  texture  usually  going  on  long  after  all  other 
healthy  growth  in  the  body  is  over,  and  sometimes,  in  heal- 
thy and  well-fed  persons,  to  a  late  period  of  life,  that  it 
serves  as  a  receptacle  for  superfluous  nutritious  matter  ;  but 
we  know  nothing  of  the  principle  which  determines  the  for- 
mation of  this  rather  than  any  other  animal  product,  in 
these  circumstances.  There  is  reason  to  think,  that  fat  de- 
posited in,  and  again  absorbed  from,  the  cellular  texture,  is 
the  cause  of  the  unusual  oily  appearance  occasionally  seen 
in  the  serum  of  the  blood ;  but  it  is  very  doubtful  whether 
the  fat  that  has  been  deposited  from  the  blood,  and  again 
taken  into  the  circulation,  can  be  applied  to  the  nourish- 
ment of  any  other  parts. 

The  cellular  and  adipose  textures  are  very  often  the  seat 
of  rapidly  increased  deposition  from  the  bloodvessels,  as  in 
cases  of  Anasarca,  local  or  general,  in  persons  previously 

•  BteeLARD,  Anat.  Gen.  p.  Ifil. 
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healthy,  and  in  the  rapid  increase  of  bulk  of  persons  con- 
valescent from  acute  diseases,  or  recovering  from  the  effects 
of  labour  and  fasting.  They  are  frequently  the  seat  of  ac- 
tive absorption,  as  is  seen  in  the  rapid  disappearance  of  ana- 
sarcous  effusions,  or  of  mild  fluids  injected  into  healthy 
cellular  substance,  and  in  the  speedy  wasting  of  the  body 
from  fasting,  fatigue,  or  acute  disease.  They  are  also  the 
frequent  seat  of  inflammation  and  other  local  diseases,  in 
the  course  of  which  both  deposition  and  absorption  are 
gi'eatly  increased  and  altered.  These  facts  leave  no  room 
for  doubt,  that  in  the  natural  state,  these  processes  con- 
tinually take  place,  and  balance  each  other,  in  the  fluid  con- 
tents of  these  textures.  The  adipose  texture  can  itself  only 
be  formed,  in  the  healthy  state,  in  certain  parts  of  the  sys- 
tem ;  but  the  formation  of  a  dense  cellular  substance  from 
the  blood  appears  to  take  place  readily,  after  injuries  and  in- 
flammation, in  almost  all  parts  of  the  body ;  and  even  to  be 
a  general  preliminary  to  the  original  formation,  and  to  the 
reparation,  of  other  textures. 


V.  Of  Serous  Membrane. 

This  is  the  thin  pellucid  texture  that  lines  the  parietes 
of  the  great  shut  cavities  of  the  body,  and  is  reflected  to 
form  the  covering  of  the  viscera.  Its  free  surface,  towards 
these  cavities,  is  perfectly  smooth  and  moist ;  its  attached 
surface  graduates  insensibly  into  adjacent  cellular  mem- 
brane, from  which  it  appears  to  diff'er  only  in  greater  con- 
densation. It  shews,  in  most  parts  of  the  body,  no  fibrous 
structure  ;  but  in  some  parts,  as  the  Pericardium  and  Tunica 
Albuginea  Testis,  it  approaches  to  the  nature  of  fibrous 
membrane  ;  and  in  general,  is  of  considerable  strength,  and 
gives  a  firm,  smooth  covering  to  parts  that  are  always  in 
contact,  but  destined  to  separate  movements,  in  which  they 
slide  on  one  another ;  admitting  likewise  of  much  greater 
distention  than  the  fibrous  membranes  do. 

In  chemical  composition  these  membranes  do  not  appear 
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to  differ  from  cellular  texture,  but  they,  yield  gelatin  spa- 
ringly and  slowly  to  boiling  water,  and  they  resist  putre- 
faction long.  They  shew  hardly  any  bloodvessels  in  the 
living  state,  but  very  numerous  capillaries  and  absorbents 
on  injection;  many  of  which,  however,  are  really  lodged  in 
the  cellular  substance  just  beneath  them. 

Some  physiologists  attribute  to  these  membranes,  and 
even  to  cellular  textures,  a  degree  of  the  vital  property  of 
Tonicity,  but  its  existence  in  them  has  not  been  clearly  as- 
certained. Their  chief  vital  function  is  the  formation  of 
the  small  quantity  of  fluid  which  lubricates  them,  and 
which  contains  the  same  animal  and  saline  matters  as  the 
serum  of  the  blood  ;  but  the  animal  matter  in  proportions 
always  less  than  in  that  fluid,  and  various  in  the  different 
cavities.  The  proportion  of  albumen  in  the  serous  effusion 
on  the  pia  mater,  and  in  the  A'entricles  of  the  brain,  is  very 
small. 

That  a  continued  exhalation  of  this  fluid  on  the  serous 
membranes  is  always  going  on,  may  be  concluded  from  the 
rapidity  with  which  increased  effusion  sometimes  takes 
place  in  disease,  or  may  be  produced,  in  experiments  on 
animals,  by  injecting  water  into  the  arteries*  ;  and  that  a 
continued  absorption  is  going  on,  may  be  concluded  from 
the  rapid  disappearance  of  fluid  effusions  theriB  in  some 
cases  of  disease ;  and  especially  from  the  uniformly  rapid 
disappearance  of  fluids  that  may  be  placed  in  contact  with 
serous  membranes  in  living  animals,  as  in  experiments  by 
Hunter,  Magendie,  and  many  others. 

These  membranes  are  likewise  easily  increased  in  thick- 
ness, and  altered  in  composition,  by  disease,  and  adventi- 
tious organized  structures  are  often  formed  on  them,  by  in- 
flammation and  otherwise ;  but  they  are  not  nearly  so  liable 
to  absorption,  either  from  pressure,  or  in  consequence  of 
disease,  as  some  other  soft  textures ;  and  these  peculiarities 
of  their  vital  properties  are  of  great  importance  in  Patho- 
logy- 


•  Magendie,  Precis  Elementaire. 
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The  Synovial  membranes,  which  line  the  inside  of  the 
capsular  ligaments  of  joints,  and  are  reflected  in  a  very  at- 
tenuated form  over  the  articulating  cartilages, — and  similar 
membranes  which  line  the  sheaths  of  tendons,  where  these 
pass  over  bone  or  cartilage, — resemble  the  serous  mem- 
branes in  most  respects,  and  have  the  same  use  in  regard  to 
the  firm  textures  which  play  on  one  another  in  these  parts, 
as  the  serous  membranes  have,  in  regard  to  the  motions  of 
the  viscera.  But  they  are  less  flexible,  in  the  natural 
state  less  vascular,  and  form  a  more  viscid  fluid,  contain- 
ing not  merely  the  constituents  of  the  serum,  but  ano- 
ther animal  substance  which  has  been  likened  to  muci- 
lage. The  alterations  of  their  vital  properties  in  disease 
are'likewise  less  rapid  than  those  of  serous  membranes  ;  but 
the  changes,  or  even  destruction,  of  their  substance,  in 
some  instances  go  to  a  greater  length. 

VI.  Of  Mucous  Mkmbrane. 

This  is  the  texture  which  lines  all  those  cavities  within 
the  body  which  open  on  its  external  surface ;  it  is  ther^foi-e 
every  where  continuous  with  the  skin,  but  nowhere,  except 
at  the  ends  of  the  Fallopian  tubes  in  the  female,  continuous 
with  any  other  membrane.  It  varies  very  much  in  thick- 
ness, and  considerably  in  other  respects,  in  the  difi'erent 
parts  of  the  air  passages,  alimentary  canal,  and  organs 
of  urine  and  generation ;  but  in  all  parts  is  distinguished  by 
the  fluid  eff'used  on  it  being  more  viscid  and  less  trans- 
lucent than  serum.  In  most  parts  it  is  thicker,  and  in  all 
parts  of  softer  and  more  spongy  consistence,  than  serous 
membrane,  and  its  free  surface  is  more  completely  sup- 
plied with  capillary  bloodvessels  and  absorbents,  and  is  be- 
set with  numerous  very  minute  prominences  or  villi.  The 
whole  membrane  is  in  many  places  longer  than  the  surface 
to  which  it  is  attached,  and  is  therefore  thrown  into  folds, 
increasing  its  surface.  In  most  parts  of  the  body  it  is  stud- 
ded by  openings,  leading  to  minute  glands  and  follicles, 
which  effuse  a  mucus  on  its  surface  similar  to  that  which 
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it  secretes.  This  kind  of  membrane  likewise  receives  the 
outlets,  and  lines  the  interior,  of  the  ducts  of  all  the  true 
glands  in  the  interior  of  the  body. 

This  texture  is  more  acted  on  by  cold  water,  and  less  by 
boiling  water,  than  any  other  of  the  animal  membranes, 
and  is  more  rapidly  decomposed  after  death  than  any  other. 
The  fluid  found  in  it  contains  not  only  the  animal  and  sa- 
line constituents  of  the  serum,  with  a  very  small  proportion 
of  albumen,  but  also  a  quantity  (according  to  Berzelius 
above  5  per  cent.)  of  a  peculiar  animal  matter,  to  which  it 
owes  its  viscidity ;  which  is  obtained  by  filtering  and  dry- 
ing, and  varies  somewhat  in  the  different  mucous  mem- 
branes, but  is  distinguished  by  being  easily  diffused  through 
cold  water,  little  affected  by  boiling  water,  and  not  precipi- 
tated by  the  tests,  either  of  albumen  or  gelatin,  nor  soluble 
in  alcohol. 

In  this  fluid,  likewise,  globules  similar  to  those  of  the 
blood  have  been  detected. 

The  surface  of  these  membranes  is  the  scene  of  con- 
tinued secretion,  which  is  obvious  to  the  senses  in  various 
j5arts  ;  and  of  continued  absorption,  which  is  made  manifest 
by  the  change,  in  quantity  and  quality,  which  is  speedily 
effected  in  any  substances  placed  in  contact  with  them. 
There  is  also,  in  the  healthy  state,  very  great  occasional 
variation  in  the  quantity  of  blood  sent  to  them,  and  in  the 
quantity  of  secretion  formed  on  them  ;  and,  in  the  case  of 
the  stomach  particularly,  in  the  quality  of  that  secretion. 
The  causes  and  purposes  of  these  variations  will  be  consi- 
dered afterwards. 

The  characteristic  qualities,  and  especially  the  vital  pro- 
perties, of  all  the  mucous  membranes,  appear  to  be  im- 
mediately connected  with  the  circumstance  of  their  form- 
ing the  surface  over  which  all  foreign  substances  taken 
into  the  body,  and  formations  in  the  body  destined  to  ex- 
cretion, must  necessarily  pass.  By  these,  the  vital  actions 
of  secretion  and  absorption  going  on  in  them  are  continually 
stimulated  ;  the  increased  secretion  of  mucus,  occasioned 
by  any  unusual  irritation,  appears  to  answer  the  same  pur- 
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pose,  of  defending  the  membrane,  as  the  permanent  cover- 
ing of  tbe  cuticle  does  to  the  surface  of  the  body,  which  is 
more  permanently  subjected  to  such  foreign  irritation; 
and  such  is  the  adaptation  of  the  vitality  of  these  mem- 
branes to  the  action  thus  exerted  on  them,  that  the  same 
substances  which  only  excite  them  to  healthy  and  salutary 
action,  no  sooner  touch  the  surface  of  serous  or  synovial 
membranes,  or  even  of  cellular  texture,  than  they  excite 
violent  inflammation. 

The  activity  of  the  vital  actions  that  take  place  in  these 
membranes,  is  farther  attested  by  the  frequency  of  increase 
and  alteration,  both  of  their  secretion  and  of  their  nutri- 
tion in  disease,  and  by  the  peculiar  liability  of  those  of  the 
alimentary  canal,  at  least,  to  ulcerative  absorption. 

VII.  Of  Glands  and  their  Secretions. 

Confining  the  term  Gland  to  those  organs  of  the  body 
which  separate  peculiar  fluids  from  the  blood  and  discharge 
them  by  ducts,  we  find  much  variety  as  to  the  disposition 
of  these  ducts  or  their  branches. 

The  simplest  kind  of  gland  is  a  short  membranous  canal, 
opening  on  the  surface  of  a  mucous  membrane,  or  of  the 
skin, — such  as  the  lacunae  of  the  urethra,  and  the  sebace- 
ous, Meibomian,  and  ceruminous  glands  or  follicles.  Even 
by  so  simple  an  apparatus,  very  various  substances  are 
formed. 

Most  of  the  glands  that  pour  out  mucus  on  the  mucous 
membranes,  consist  of  a  pulpy  vascular  substance  surround- 
ing a  little  canal,  and  these  are  often  set  together  in  clus- 
ters, as  in  the  Tonsils,  glands  of  Peyer  and  Brunner, 
&c. 

In  all  the  larger  glands,  the  excretory  duct  is  formed  by 
the  union  of  smaller  tubes  within  the  substance;  but  in  the 
arrangement  of  these  smaller  tubes  there  is  much  variety. 
The  smallest  divisions  of  the  glands,  which  have  the  secre- 
ting power,  or  the  acini,  seem  to  be  similar  in  structure  to 
the  mucous  glands  just  mentioned.    In  the  strictly  conglo- 
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merate  glands,  as  the  salivary  glands  and  Pancreas,  these 
acini  are  connected  into  lobules,  and  the  lobules  into  lobes, 
by  distinct  layers  of  loose  cellular  substance ;  and  each 
lobule  has  its  own  duct  passing  along  its  central  part.  In 
the  liver  and  kidneys,  there  is  no  such  internal  division 
into  lobules,  the  acini  being  connected  uniformly  with  each 
other,  by  dense  interstitial  cellular  texture  throughout  the 
secreting  parts  of  these  glands.  A  large  portion  of  the 
substance  of  the  kidneys  consists  of  the  excretory  tubes  ex- 
clusively, set  close  together,  and  converging  very  gradual- 
ly to  the  papilloe,  which  pour  the  urine  into  the  calices- 
The  excretory  ducts  of  the  Mammae  aro  so  coiled  up  in  the 
substance  of  the  nipples,  as  to  require  the  erection  or  ex- 
tension of  these,  befere  they  give  free  exit  to  the  milk. 
The  seminiferous  tubes,  which  terminate  in  the  vasa  defe- 
rentia,  are  distinguished  by  their  very  numerous  contor- 
tions, first  in  the  body  of  the  Testis,  and  afterwards  in  the 
Epididymis. 

All  the  excretory  ducts  have  probably  a  certain  amount 
of  vital  contractile  power,  though  muscular  fibres  have 
been  detected  only  in  a  few.  In  several  cases,  the  fluids 
secreted  are  retained  for  a  time  in  peculiar  organs,  before 
they  are  applied  to  the  purpose  to  which  they  are  ultimate- 
ly destined.  The  tears  formed  in  the  lachrymal  gland,  are 
eff'used  over  the  eye-ball,  and  absorbed  into  the  lachrymal 
sac,  before  passing  into  the  nostrils;  the  urine  is  lodged  in 
the  bladder  long  after  its  secretion  is  accomplished ;  the 
bile  regurgitates  in  part  into  the  gall-bladder ;  and  perhaps 
the  semen  into  the  vesiculse  seminales. 

All  the  glands  are  very  fully  furnished  with  bloodvessels 
and  with  absorbents ;  their  arteries  are  stated  to  be  of  pe- 
culiar strength  *,  and  are  very  minutely  subdivided  in  their 
substance. 

The  supply  of  blood  to  all  the  glands,  as  to  the  mucous 
membranes,  is  also  liable,  in  the  healthy  state,  to  "great  and 
sudden  variations,  from  different  causes,  mental  and  physi- 
cal.  These  are  attended  by  great  differences  in  the  amount 
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of  the  secretions  formed  there  ;  and  there  is  also  great 
variety  in  the  quantity  and  quality  of  the  secretions  in  vari- 
ous diseased  states.  The  nutrition  of  the  glandular  substance 
itself  is,  in  some  instances,  subject  to  change  in  the  pro- 
gress of  life,  and  in  general  is  easily  increased  or  perverted 
in  disease.  Absorption  of  the  secreted  matters  takes  place 
readily  from  the  whole  course  of  their  outlets,  as  is  obvious 
when  the  excretions  of  bile,  urine,  or  milk,  are  unusually 
long  retained,  or  their  excretion  obstructed  ;  and  absorp- 
tion of  the  substance  of  glands  themselves  is  easily  effect- 
ed, apparently  by  pressure,  in  those  cases  where  their  ducts 
are  long  obstructed,  or  where  preternatural  deposits  take 
place  in  their  neighbourhood,  or  in  their  own  interstitial 
cellular  substance. 

The  most  important  distinction  of  the  secreted  fluids,  as 
regards  physiology,  is  into  the  recrementitious  and  excre- 
mentitious;  i.  e.  into  those  which  are  destined  to  some  ulte- 
rior purpose  in  the  animal  economy,  and  those  which  are 
immediately  excreted. 

To  the  former  class,  besides  the  mucus  of  the  mucous 
membranes  and  glands,  have  been  referred  the  tears,  which 
moisten  the  tunica  conjunctiva  of  the  eye-ball  and  mem- 
brane of  the  nostrils ;  the  cerumen,  which  is  found  in  the 
meatus  auditorius  externus ;  the  saliva,  coming  from  the 
parotid,  submaxillary,  and  sublingual  glands,  which  is 
mixed  with  the  food  in  the  mouth  ;  the  secretion  of  the 
stomach,  which  is  the  chief  agent  in  digestion  ;  the  pancre- 
atic fluid  and  bile,  which  descend  from  the  liver  and  pan- 
creas, to  be  mixed  with  the  aliment  in  the  duodenum  ;  and 
likewise  the  semen,  and  the  fluid  of  the  prostate  gland? 
which  is  mixed  with  it  at  the  origin  of  the  urethra.  Tliese 
are  stated  by  Berzelius  to  contain  always  the  same  saline 
ingredients  as  the  serum  of  the  blood,  but  little  or  no 
albumen,— and,  instead  of  it,  a  single  animal  substance, 
varying  of  course  in  each  instance  :  but  subsequent  observa- 
tions do  not  entitle  us  to  attribute  so  great  simplicity  to  all 
these  fluids.  These  secretions  arc  generally,  like  tlic  serum, 
slightly  alkaline;  but  to  this  there  is  a  remarkable  exccp.. 
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tion  in  the  secretion  of  the  stomach,  to  be  afterwards 
considered;  and  likewise,  according  to  Tiedemann  and 
Gmelin,  in  the  secretion  of  the  panci-eas.  The  chemical 
qualities  and  composition  of  the  animal  matters  which  they 
respectively  contain,  have  been  but  imperfectly  investi- 
gatedj  and  cannot,  as  yet,  be  connected  with  their  uses. 

The  most  peculiar  is  that  wliicli  is  contained  in  the  Bile, 
forms  neai'ly  8  per  cent,  of  it,  and  causes  its  bitter  taste, 
and  is  most  simply  obtained  from  it,  first  by  sulphui'ic 
acid,  which  precipitates  it,  and  afterwards  by  baryta, 
which  separates  the  acid.  This  has  been  likened  to  the 
A'Cgetable  resins,  and  stated  to  contain  a  small  portion  only 
of  hydrogen,  and  no  azote ;  its  analysis  being,  according 
to  Thomson, 

Carbon.  Ox3'gen.  Hydrogen. 

54.53  43.65  1.82 

But  whether  there  is  in  reality  only  a  single  animal  princi- 
ple in  this  fluid,  or  whether  the  picrorael,  cholesterine,  and 
other  substances  which  have  been  obtained  from  it  by  dif-. 
ferent  processes,  or  separate  spontaneously  from  it  in  biliary 
calculi,  exist  in  it  at  all  times,  is  doubtful. 

In  regard  to  the  bile,  there  are  two  important  physiolo- 
gical questions  which  may  be  stated  here;  1st,  Whether 
it  is  simply  destined  to  excretion,  or  necessarily  employed 
in  digestion  ?  2d,  Whether  it  is  formed  from  the  arterial 
or  the  venous  blood  of  the  liver  ? 

1.  It  appears  from  various  facts,  that  the  peculiar  animal 
matter  at  least  of  the  bile,  is  destined  to  excretion  only. 
This  matter  has  never  been  found,  in  the  healthy  state,  in 
the  fluids  absorbed  from  the  intestines  by  the  lacteals  or 
veins;  it  is  found  in  full  {(uantity  in  the  lower  part  of  the 
intestines ;  it  has  been  found  to  increase  in  quantity  where 
the  secretion  of  urine  has  been  suppressed  in  animals  by 
extirpation  of  the  kidneys ;  and,  where  this  secretion  is  re- 
pressed, the  urine  is  increased  and  altered  *;  and  it  appears 
to  be  similar  to  a  secretion  in  certain  animals  (of  the  class 

•  Prevost  and  Dumas,  in  the  Annales  de  Chimie,  t.  xxiii.  and  Simon, 
in  the  Annales  dos  Sciences  Naturelles,  t.  xiii.  p.  110. 
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Mollusca),  which  is  thrown  out  into  the  lower  part  of  the 
intestine  only,  and  immediately  excreted  *.  The  use  of 
the  other  constituents  of  the  bile,  in  digestion,  will  be  conr 
sidered  afterwards. 

2.  Instances  have  undoubtedly  happened  in  the  human 
species,  where  the  vena  portae  had  not  entered  the  liver, 
and  bile  been  nevertheless  secreted.  But  on  the  other  hand, 
the  experiments  of  Malpighi  and  of  Simon,  shew  that  ty- 
ing the  hepatic  arteries  in  different  warm-blooded  animals, 
had  little  effect  on  the  secretion  of  bile,  but  that  it  was  sup- 
pressed by  tying  the  vena  portae.  The  only  other  instance 
known  of  venous  blood  going  to  a  gland,  is  the  case  of  those 
animals  where  large  veins  enter  and  are  dispersed  thiough 
the  kidneys,  and  where  any  thing  that  escapes  from  them 
must  be  immediately  excreted  -f*. 

The  most  reasonable  conclusion  from  these  facts  seems 
to  be,  that  the  liver  can  form  bile  both  from  arterial  and 
venous  blood;  but  that  the  latter  is  its  chief  source. 

The  formation  of  the  Milk,  secreted  at  the  mammae,  is 
dependent  on  conditions  to  be  afterwards  stated.  It  is  one 
of  the  fluids  destined  to  excretion  only,  and  which  cannot 
be  retained  in  the  system  without  more  or  less  of  injury ; 
and  demands  attention  on  account  of  its  analogy  to  the  com- 
position of  the  blood  on  the  one  hand,  and  to  the  materials 
of  digestion  on  the  other. 

Its  specific  gravity  is  about  1033,  greater  than  that  of 
the  serum,  but  considerably  less  than  that  of  the  blood. 
Its  basis  is  water,  holding  in  solution  several  salts,  chiefly 
salts  of  potash,  with  an  excess  of  lactic  acid  ;  but  it  contains 
also  three  animal  matters,  the  Butter,  which  separates 
spontaneously,  or  by  agitation,  and  does  not  differ  material- 
ly  from  other  fixed  oils;  secondly,  the  Curd,  or  Caseous 
Matter,  stated  at  28  parts  in  1000  in  cow's  milk,  which  sc 
parates  spontaneously,  but  very  slowly,  and  is  precipitated 
most  easily  by  acids,-closely  resembling  albumen,  but  not 
so  easily  coagulated  by  heat;  and,  thirdly,  the  Sugar  of 

•  TiEDEMANN  and  GMEI.IN,  Recherches  sur  la  Diffeslion 
t  Jacobson,  Edin.  Med.  and  Surg.  Jonrn.  vol.  xix. 
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Milk,  stated  at  35  parts  in  1000,  which  remains  in  the  whey 
after  the  separation  of  the  curd,  and  is  obtained  by  evapora- 
tion and  crystallization,  and  hardly  differs  in  composition 
from  vegetable  sugar.  Of  these  three,  the  curd  only,  con- 
taining Azote,  is  similar  to  most  articles  of  nourishment 
from  the  animal  kingdom  ;  the  oil  and  the  sugar  are  analo- 
gous to  the  greater  part  of  vegetable  nourishment.  The 
curd  yields,  when  burnt,  about  6  per  cent,  of  earthy  phos- 
phates, and  is,  therefore,  supposed  to  be  useful  in  the  for- 
mation and  nourishment  of  bone. 

The  proportion  of  curd  appears  to  be  less,  and  its  mix- 
ture with  oil  more  intimate  in  human  milk  than  in  cow's 
milk ;  and  in  all  animals,  the  proportion  of  curd  is  less  in 
the  milk  formed  soon  after  parturition,  than  in  that  formed 
subsequently. 

The  most  important  excretion  formed  in  glands  is  the 
Urine,  which  passes  along  a  mucous  membrane  in  its  way 
from  the  kidneys,  and  is  lodged  for  some  time  in  the  blad- 
der, and  is  therefore  mixed  with  a  small  proportion  of  mu- 
cus when  passed ;  which  mucus  is  somewhat  heavier  than 
the  urine  itself. 

Urine  has  an  average  specific  gravity  of  about  1025  ;  933 
parts  in  1000  of  it  are  stated  to  be  water ;  above  30  are 
the  peculiar  animal  matter  called  Urea ;  and  the  remainder 
consists  of  salts  in  greater  proportion  and  greater  variety, 
than  in  any  other  fluid  of  the  body,  with  a  little  of  another 
animal  matter,  probably  similar  to  that  in  the  serosity  of 
the  blood.  The  salts  generally  allowed  to  exist  in  it  are, 
the  Sulphates  of  Potass  and  Soda,  Phosphates  and  Muriates 
of  Soda  and  Ammonia,  Phosphates  of  Lime  and  Magnesia, 
Lactic  Acid,  and  Lithic  Acid,  or  Super-Lithate  of  Ammonia. 
Minute  quantities  of  Fluate  of  Lime  and  of  Silica  have  been 
recognized  in  it ;  and  Carbonic  Acid  has  been  obtained  from 
it  by  the  air-pump  only.  Of  these,  the  acids  are  in  excess, 
and  hence  the  Lithic,  being  a  weak  acid,  is  frequently  de- 
posited, and  is  apt  to  attach  itself  to  and  lead  to  decom- 
position of  the  mucus.  But  in  other  circumstances  of  the 
urine,  and  particularly,  when  there  is  not  the  usual  excess 
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of  acid,  the  phosphates  are  most  easily  deposited  from  it ; 
and  the  Oxalic  Acid,  and  other  suhstances  not  detected  in 
healthy  urine,  have  been  frequently  found  in  gravelly  de- 
posits. 

The  Urea  is  dissolved  from  the  Extract  of  Urine,  by  al- 
coliol,  and  obtained  by  evaporation,  partly  separated  from 
the  saline  matters  ;  it  has  a  peculiar  taste  and  smell,  and  is 
characterized  by  the  bulky  flaky  compound  it  forms  with 
nitric  acid.  By  putrefaction,  or  by  the  heat  of  boiling  wa- 
ter, as  it  exists  in  the  urine,  it  is  almost  entirely  converted 
into  carbonate  of  ammonia ;  and  it  has  been  found  to  con  - 
sist of 

Carbon.  Oxygen.  Hydrogen.  Azote. 

19-99  26-66  6  66  46-56 

or  1  1  2  1  atoms. 

containing  therefore  a  much  larger  proportion  of  azote  tjian 
any  other  animal  principle. 

The  average  quantity  of  urine  evacuated  in  24  hours 
may  be  about  40  ounces  ;  but  is  liable  to  very  great  varia- 
tions. The  average  quantity  of  solid  matter  that  passes 
off  by  this  excretion  has  been  found  to  be  not  less  than 
15  drams  in  24  hours*  ;  and  is  apparently  much  less  sub- 
ject to  variation,  excepting  in  disease :  the  density  of  the 
urine,  in  the  healthy  state,  being  always  diminished  as  its 
quantity  is  increased,  and  vice  versa. 

The  appearance,  already  noticed,  of  urea  in  the  blood, 
when  the  kidneys  have  been  extirpated,  or  obstructed  by 
disease,  shews  that  the  formation  of  this  substance  is  at 
least  so  far  advanced,  before  the  blood,  from  which  it  is  se- 
parated, enters  the  kidneys.  And  the  conjecture  of  Ber- 
ZEi.ius,  that  it  is  furnished  by  the  animal  matter  of  the  sc- 
rosity  of  the  blood,  is  rendered  probable  by  two  circum- 
stances,— -first,  that  the  qualities  of  that  portion  of  the  blood 

•  Dr  BosTocK  (Medico-Chirur.  Trans.  voL  iii.)  makes  the  quantity  on- 
ly 10  drama,  but  the  experiments  of  Dr  Hekry  (ditto,  vol.  ii.)  shew,  that 
even  at  the  specific  gravity  of  1020,  a  pint  of  urine  yields  above  G  drams 
of  solid  extract,  and  therefore  40  ounces  must  yield  above  15. 
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(particularly  its  solubility  both  in  water  and  alcohol)  ap- 
proach nearer  to  those  of  the  urea  than  the  qualities  of  the 
albuminous  contents  of  the  blood  do ;  and,  secondly,  that  af- 
ter the  extirpation  of  the  kidneys,  the  animal  matter  of  the 
serosity  is  first  increased  in  quantity,  and  afterwards  assumes 
the  character  of  urea*. 

It  has  also  been  supposed  that  the  animal  matter  of  the 
serosity,  thus  apparently  convertible,  at  least  in  part,  into 
urea,  is  not  intended  for  nutrition,  but  is  the  product  of 
that  absorption  from  the  component  parts  of  the  animal 
frame,  which  we  saw  reason  to  believe  to  be  a  necessary 
accompaniment  of  all  vital  action,  and  is  destined  to  excre- 
tion only.  And  this  opinion  is  farther  supported  by  the 
phenomena  of  Diabetes,  where  there  is  ample  evidence  of 
very  general  absorption,  from  the  wasting  and  dryness  of 
the  body,  notwithstanding  that  more  than  the  usual  quanti- 
ty of  nourishment  and  drink  are  taken, — and  in  which  the 
animal  matter  of  the  ui-ine  is  enormously  increased ;  and 
appears,  from  the  observations  of  Drs  Bostock  and  HENiiY-f-., 
to  retain,  at  least  in  some  cases,  the  properties  of  ui'ea  for 
a  time,  and  afterwards  to  assume,  for  the  most  part,  the 
character  of  sugar :  which  conversion  is  probably  in  some 
way  connected  with  the  chemical  relation,  discovered  by 
Dr  Prout,  between  urea  and  sugar,  viz.,  that  the  latter 
contains  the  same  number  of  atoms  of  carbon  and  of  oxy- 
gen as  the  former,  with  half  as  many  atoms  of  hj'drogen, 
and  no  azote  |. 

Whatever  be  the  source  of  the  urea,  which  is  separat- 
ed from  the  blood  at  the  kidneys,  the  necessity  of  this  ex- 
cretion appears  distinctly  from  the  fact,  that  when  the  blood 
is  unusually  loaded  with  this  principle,  it  gradually  acts  as 
a  poison  on  the  system,  and  especially  on  the  Nervous  Sys- 
tem ;  as  has  appeared  uniformly  when  the  kidneys  of  ani- 

•  Prevost  and  Dumas,  Annales  de  Chimie,  t.  xxiii. 
+  Medico-Chirurgieal  Transactions,  vol.  iii. 
t  Medico-  Cliirurgical  Transactions,  vol.  viii. 
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Dials  have  been  extirpated ;  and  also,  altliough  in  a  less  uni- 
form manner,  in  the  human  body,  when  the  secretion  of 
urine  has  been  either  wholly  suppressed,  or  more  gradual- 
ly and  partially  obstructed. 

The  facts  now  stated  are  already  important  in  Pathology 
and  in  Practice ;  but  the  Physiology  of  Excretion,  as  well 
as  of  Secretion,  will  always  be  obscure  and  unsatisfactory, 
until  we  shall  have  some  information  as  to  the  laws  accord- 
ing to  which  chemical  principles  are  modified  in  the  econo- 
my of  animals. 

VIII.  Of  the  Substance  of  the  Lungs. 

Although  the  mutual  action  that  takes  place  between 
the  air  and  the  blood  at  the  lungs,  the  manner  in  which  it 
is  effected,  and  its  uses  in  the  animal  economy,  demand  a 
separate  consideration,  yet  some  statements,  as  to  the  tex- 
ture of  the  lungs,  and  the  nature  and  amount  of  the  excre- 
tions from  them,  are  more  properly  introduced  here. 

This  texture,  although  varying  much  in  density  in  diffe- 
rent subjects,  in  consequence  of  the  different  quantities  of 
blood  it  contains,  is  always,  in  the  healthy  state,  of  less 
specific  gi-avity  than  water,  because,  from  the  time  of  birth, 
it  always  contains  within  it  a  large  quantity  of  air,  which  is 
lodged  in  innumerable  small  cavities  or  air-cells,  formed  by 
little  expansions  of  the  ends  of  the  ramifications  of  the 
bronchia?  which  enter  it.  The  texture  may  be  said  to  be 
composed  of  mucous  membrane,  cellular  substance,  and 
serous  membrane,  with  very  numerous  bloodvessels  and 
absorbents.  The  membrane  forming  the  cells,  and  on 
Avhich  the  innumerable  branches  of  the  pulmonary  artery 
and  veins  ramify,  is  continuous  with  that  which  lines  the 
larger,  and  partly  cartilaginous,  branches  of  the  bronchise, 
that  enter  the  lungs  from  the  trachea;  and,  although  of  ex- 
treme tenuity,  is  believed  to  secrete  a  mucous  fluid.  The 
air-cells  arc  bound  together,  and  covered  exteriorly  by  cel- 
lular substance,  the  cells  of  which,  in  the  natural  state,  do 
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not  communicate  with  tlie  broncliioe.  It  is  probable,  though 
not  completely  ascertained,  that  the  air-cells  in  the  natural 
state  do  not  communicate  with  each  other,  otherwise  than 
by  the  branches  of  the  bronchiae,  which  open  into  thepi. 
The  exterior  cellular  substance  is  bounded  by  the  Pleura 
pulmonalis,  which  is  everywhere  in  contact  with,  but  in 
the  natural  state  nowhere  adherent  to,  the  serous  membrane 
that  lines  the  inside  of  the  parietes  of  the  chest.  The  com- 
pound texture  thus  formed  is  endowed  with  a  high  degi-ee 
of  distensibility  and  elasticity,  which  are  its  most  important 
physical  qualities. 

It  is  generally  thought  that  this  textui*e  possesses  no 
vital  power  of  contraction  ;  but  several  phenomena,  to  be 
afterwards  mentioned,  render  it  probable  that  such  a  vital 
power  does  exist,  to  a  certain  degree,  in  it ;  or  at  least 
in  the  smallest  branches  of  the  bronchiae  that  can  be  dis- 
tinguished. 

Air  which  has  been  in  the  cells  of  the  lungs  during  life, 
is-always  foimd  to  be  loaded,  in  an  unusual  degree,  with 
water  and  carbonic  acid,  much  of  which  is  evidently  de- 
rived from  the  air-cells ;  and  the  mode  of  their  formation 
will  be  considered  under  the  head  of  Respiration.  From 
some  experiments  by  Dr  Gordon,  it  would  appear  that  no 
saline  or  animal  matter  can  be  detected  in  air  that  has  been 
breathed,  the  water  and  carbonic  acid  being  the  only  excre- 
tions, or  exhalations,  from  the  membrane  of  the  cells. 

That  absorption  goes  on  with  great  facility  and  rapidity 
from  the  internal  surface  of  the  lungs  may  be  concluded 
from  experiments,  already  mentioned,  in  which  saline  so- 
lutions, introduced  into' the  bronchiae,  have  been  very  soon 
thereafter  detected  in  the  blood,  and  likewise  from  the  cer- 
tainty and  rapidity  with  which  vapours,  such  as  those  of 
mercury  and  oil  of  turpentine,  introduced  into  the  lungs, 
come  to  produce  the  usual  effects  of  those  substances  on  the 
secretions.  The  effects  of  poisons  introduced  into  the  lungs, 
although  rapid  and  decided,  are  not  so  clear  proofs  of  ab- 
sorption. 

The  average  loss  of  weight  in  a  full  grown  man,  in  the 
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day,  which  can  be  ascribed  to  the  excretion  at  the  lungs, 
appears,  from  experiments  to  be  mentioned  afterwards,  to 
be  not  less  than  fifteen  ounces ;  and  the  facts  now  stated 
prove,  that  that  this  must  be  only  the  excess  of  the  excre- 
tion over  tlie  absorption  at  the  lungs. 

The  black  colour  of  portions  of  the  lungs,  and  of  the 
bronchial  lymphatic  glands  connected  with  these,  has  been 
ascribed  with  some  probability  to  absorption  of  carbonaceous 
powder  from  the  internal  membrane. 

The  changes  which  take  place  in  the  form  and  size  of  a 
healthy  lung,  from  the  pressure  of  adjoining  parts,  and  the 
expansion  of  one  lung  observed  in  cases  where  the  other 
has  been  rendered  unfit  for  its  office,  are  sufficient  proofs 
of  the  facility  with  which  both  absorption  and  nutrition  of 
the  pulmonary  texture  itself  may  be  accomplished.  The 
latter  function  is  probably  performed  by  the  bronchial  ar- 
teries oniy.  There  is  good  evidence,  from  the  phenomena 
of  diiferent  diseases,  that  the  function  of  absorption  in  this 
texture  is  adequate,  when  other  circumstances  are  favour- 
able, to  the  removal,  at  least  of  serum  and  of  bipod,  and 
perhaps  of  other  matters  morbidly  effused  into  it. 

IX.  Of  the  Skin. 

This  is  commonly  described  as  consisting  of  three  layers ; 
the  True  Skin  which  lies  innermost,  the  Cuticle  which  is 
external,  and  the  Rete  Mucosum  which  connects  these  ;  but 
this  last  is  not  easily  distinguished,  except  in  blacks,  in 
whom  it  is  the  seat  of  the  colour.  Both  it  and  the  cuticle 
are  extravascular  and  inorganic. 

The  true  skin  is  a  firm  dense  membrane,  of  a  fibrous  and 
reticulated  texture,  extremely  elastic,  at  least  in  youth  and 
middle  age,  marked  with  varied  lines  externally,  and  with 
very  numerous  depressions  internally,  which  receive  processes 
of  the  adipose  texture  beneath  ;  very  fully  supplied  both  witli 
minute  bloodvessels  and  absorbents ;  containing,  in  many 
places,  the  sebaceous  glands  or  follicles,  and  perforated  ob- 
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liquely  in  many  others  by  the  hairs,  which  spring  from  lit- 
tle bulbs  beneath  it.  It  is  almost  entirely  resolvable  into 
gelatin,  but  requires  long-continued  boiling  for  this  pur- 
pose. 

A  degree  of  vital  contraction  would  appear  to  take  place 
in  this  texture  occasionally,  particularly  from  the  influence 
of  cold,  arid  of  certain  mental  emotions. 

The  facts  mentioned  at  p.  69,  shew  that  the  change  of 
this  texture  by  nutrition  and  absorption,  in  ordinary  cir- 
cumstances, must  be  very  slow ;  but  in  different  diseases,  it 
is  obvious  that  these  vital  actions  in  it  take  place  rapidly 
and  extensively. 

The  surface  of  this  membrane  is  certainly  the  scene  of 
three  vital  processes ;  tlie  formation  of  the  Cuticle,  Perspi- 
ration, and  Absor])tion. 

The  Cuticle  is  easily  detached  from  the  true  skin,  by  the 
action  of  a  blister,  in  the  living  body,  and  by  puWefaction 
in  the  dead.  It  is  a  thin,  very  elastic  membrane,  composed 
almost  entirely  of  solid  albumen.  Its  formation  is  no  doubt 
continual,  as  it  is  obviously  subject  to  continual  waste  from 
friction,  and  is  much  increased  or  excited  by  irritation  or 
pressure,  as  in  the  palms  of  the  hands  or  soles  of  the  feet. 
Although  an  inconsiderable  texture  in  the  human  body, 
when  compared  with  the  corresponding  parts  of  many  other 
animals,  it  is  of  great  importance  in  the  animal  econom)', 
particularly  b}"-  restraining  the  amount  of  the  vital  actions 
which  take  place  on  the  surface  of  the  true  skin.  For  this 
purpose  it  is  especially  fitted  by  the  cohesion  of  its  parts, 
which  is  such  as  to  transmit  any  fluid  substance  very  slow- 
ly, as  appears  in  the  dryness  of  its  surface  when  it  is  raised 
in  a  blister ;  and  again  in  the  rapid  drying  of  the  surface  of 
the  true  skin,  whenever  the  cuticle  is  removed  from  it  in  the 
dead  body.  The  analogy,  formerly  remarked,  between  the 
Cuticle,  which  defends  the  surface  of  the  true  skin,  and  the 
mucous  secretion  which  defends  those  internal  membranes 
that  arc  exposed  to  the  irritation  of  foreign  matters,  is  most 
clearly  exemplified  in  cases  where  a  portion  of  the  upper 
lip  has  been  employed  by  surgeons  to  restore  a  lost  part  of 


PROPEllTIES  OF  TEXTURES  AND  SECRETIONS.  95 


the  columna  nasi,  and  the  mucous  membrane  of  that  por- 
tion of  lip,  exposed  to  the  air,  has  gradually  acquired  the 
properties  of  the  rest  of  the  integuments  *. 

The  Nails  consist  of  the  same  material  as  cuticle,  with 
very  little  earthy  matter,  but  of  much  firmer  consistence, 
and  more  firmly  attached  to  the  true  skin  beneath  them, 
than  any  other  parts  of  it,  and  are  remarkable  for  the  mode 
of  their  growth  ;  their  outer  layer  seems  to  be  formed  en- 
tirely in  the  folds  of  skin  at  their  roots,  and  pushed  forward 
by  continued  accretion  there,  while  other  layers  are  added 
to  their  inner  surface  by  the  portions  of  skin  over  which 
they  pass. 

Although  the  Hair  is  usually  regarded  as  equally  inor- 
ganic with  the  cuticle  and  nails,  yet  there  are  some  facts 
which  appear  well  ascertained,  particularly  sudden  changes 
of  the  colour  of  the  bail*,  from  mental  emotion,  or  other 
causes,  which  seem  to  indicate  that  vital  processes  of  nutri- 
tion and  absorption  go  on  in  this  substance  itself,  although 
its  growth  seems  to  be  confined  to  the  bulb  beneath  the 
cutis  vera. 

The  colour  of  the  hair  depends  on  exposure  to  the  light, 
and  is  no  doubt  connected  either  with  the  formation,  or 
with  some  alteration,  of  an  oil  which  is  found  in  their  tex- 
ture. Hair  is  partially  resolvable  by  boiling  in  water  un- 
der pressure,  although  with  different  degrees  of  facility,  in- 
to a  gelatinous  matter ;  but  part  is  decomposed  by  this 
process,  and  gives  distinct  evidence  of  containing  sulphur. 

The  vital  processes  by  which  the  cuticle,  hair,  and  nails 
are  constantly  foi'med,  are  liable  to  alteration  from  heat  and 
cold,  and  other  causes  ;  and  especially  by  those  diseases  in 
which  inflammation  of  the  skin  takes  place.  The  hair  drops 
oflF  sooner,  or  is  sooner  changed  in  colour,  in  those  persons 
and  circumstances,  where  there  is  much  sweating.  The 
shedding  of  the  hair  is  a  common  effect  of  long-continued 
febrile  action,  even  independently  of  cutaneous  inflamma- 
tion ;  and  the  separation  and  renovation  of  the  cuticle,  af- 
ter the  specific  inflammations  of  the  skin  have  run  their 
•  See  LisTON,  Elements  of  Surgery,  Part  ii. 
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courses,  appear  to  be  essentially  connected  with  the  recovery 
of  health. 

The  passage  of  fluids  outwards  through  the  cuticle,  ap- 
pears to  take  place  more  easily  when  it  retains  its  connexion 
with  the  true  skin,  through  the  rete  mucosum,  than  when 
it  is  detached  by  a  blister ;  and  is  determined  by  various 
causes ;  by  external  heat,  exercise,  and  other  means  of  ex- 
citing the  circulation ;  by  mental  emotion ;  and  also  re- 
markably by  failure  of  the  heart's  action,  as  in  fainting. 
In  this  last  case,  it  coincides  with  the  apjjearance  of  an  un- 
usual proportion  of  serum  in  the  blood  of  the  large  veins  *; 
and  both  are  probably  to  be  ascribed  to  a  tonic  constriction 
of  the  smaller  bloodvessels,  no  longer  distended,  as  previous- 
ly, by  the  impulse  from  the  heart. 

The  sensible  perspiration,  or  Sweat,  appears  to  contain 
an  excess  of  lactic  acid,  a  small  quantity  of  the  same  alka- 
line and  earthy  salts,  and  the  same  uncoagulable  animal 
matter  as  the  serum,  and  also  of  an  oil,  probably  in  part, 
but  not  wholly,  formed  in  the  sebaceous  glands.  The 
quantity  of  these  substances  seems  to  be  much  less  variable 
in  the  healthy  state  than  that  of  the  water  which  passes 
off  from  the  skin ;  because  the  sweat,  like  the  urine,  be- 
comes much  attenuated  when  its  quantity  is  increased. 

Even  when  no  fluid  is  visible  on  the  surface  of  the  skin, 
a  quantity  of  watery  vapour  is  always  exhaled  from  it,  as 
appears  when  the  hand  and  arm  ai'e  confined  in  a  glass 
jar.  The  air  in  immediate  contact  with  the  skin  has  also 
appeared,  in  many  experiments,  as  those  of  Cruickshanks, 
JuRiNE,  and  some  of  those  of  Mr  Ellis  and  Dr  C.  Mac- 
kenzie, to  contain  an  unusual  proportion  of  carbonic  acid ; 
but  the  formation  of  this  acid  could  not  be  recognized  at 
all  in  some  experiments,  such  as  those  of  Dr  Klapp  and  Dr 
Gordon  ;  and  in  all  cases,  appears  to  be  so  small,  that  this 
excretion  cannot  be  regarded  as  an  important  part  of  the 
functions  of  the  skin.  Its  very  small  quantity  has  pre- 
vented physiologists  from  ascertaining  whetlier  it  is  essen- 
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tial  to  tbo  appearance  of  this  acid,  that  the  skin  should  be 
in  contact  with  a  gas  containing  oxygen ;  but,  in  some  ex- 
periments by  Spallanzani  and  by  Mr  Abernethy,  this 
condition  did  not  appear  necessary. 

The  average  quantity  of  exhalation  from  the  human  bo- 
dy by  the  skin  and  lungs  together,  i.  e.  the  whole  loss  of 
weight  from  these  sources,  taken  together,  is  stated  by 
Haller,  on  comparison  of  the  results  of  many  observa- 
tions, to  vary  froia  30  ounces  in  the  24  hours  in  the  colder 
climates,  to  60  in  the  warmer,  of  Europe ;  and  by  Lavoisier 
and  Seguin  it  is  stated  at  45  ounces  in  the  climate  of  Paris  ; 
but  it  is  liable  to  very  great  variation,  not  only  according  to 
the  temperature  and  humidity  of  the  atmosphere,  but  also 
according  to  the  diet  and  habits  of  individual  persons,  and 
the  state  of  repletion  of  their  vessels. 

Of  this  exhalation,  it  appears  from  the  experiments  of 
Lavoisier  and  Seguin,  that  about  2-3ds  or  30  ounces  are 
from  the  surface  of  the  skin,  and  l-3d  or  15  ounces  from 
the  lungs. 

The  amount  of  loss  sustained  by  the  exhalation  from  the 
lungs  has  been  already  stated  as  in  reality  only  the  excess 
of  the  exhalation  over  the  absorption  habitually  taking  place 
there ;  but  it  is  more  doubtful  whether  any  compensating 
absorption  habitually  takes  place  at  the  skin. 

Many  familiar  facts  illustrate  the  great  absorbing  power 
of  the  vessels  of  the  true  skin,  over  such  matters  as  are 
either  mechanically  forced  through  the  cuticle,  or  intro- 
duced where  it  has  been  abraded ;  but  the  possibility  of 
absorption  through  the  entire  cuticle  is  much  more  doubt- 
ful. 

Various  observations  made  by  Rye,  Linking,  Fontatsta, 
and  others  prove,  that,  in  certain  circumstances,  and  espe- 
cially during  fasting,  when  absorption  is  unusually  active, 
'  not  only  the  usual  waste  of  the  body  by  exhalation  from 
tlie  skin  and  lungs  may  be  suspended,  but  an  absolute  in- 
crease of  weight  may  take  place  during  a  time  when  no  food 
or  drink  has  been  taken,  only  to  be  explained  by  absorp- 
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tion  at  the  skin  or  lungs ;  and  observations  on  the  compa- 
rative amount  of  the  ingesta  and  egesta,  and  on  the  loss  of 
weight,  of  patients  in  diabetes,  have  also  led  to  the  conclu- 
sion, that  there  must  be  an  excess  of  absorption  over  exha- 
lation at  these  surfaces  *.  But  these  obserA^ations  do  not 
prove  that  any  part  of  the  absorption  in  question  is  at  the 
skin. 

Of  the  many  observations  made  by  the  warm-bath  to  as- 
certain this  point,  the  gcnei-al  result  may  be  stated  thus  ; — 
That  the  rate  of  waste  of  the  body,  previously  existing,  has 
been  generally  loAvered,  sometimes  tlie  waste  altogether 
stopped,  and,  in  a  few  cases,  an  absolute  increase  of  weight 
to  a  small  amount,  has  resulted  from  immersion  for  half  an 
liour  or  more  ;  and  this  where  there  was  at  least  probable 
evidence  that  the  absorption  at  the  lungs  had  not  increa.s- 
ed-f.  These  experiments  shew,  that  a  certain  quantity  of 
fluid  may  be  at  least  imbibed  by  the  cuticle,  and  probably 
absorbed  from  it. 

But  in  the  experiments  of  Seguin,  Rousseau,  Danger- 
FXELD,  and  Gordon,  made  chiefly  by  applying  liquids  to 
the  surface  of  the  body,  which  have  a  known  effect  when 
taken  into  the  blood,  on  certain  secretions  (care  being  ta- 
ken that  the  vapours  of  these  should  not  be  inhaled),  no 
evidence  of  absoi'ption  from  the  skin,  when  the  cuticle  was 
entire,  could  be  procured  ;  and  the  different  result  of  two 
experiments  made  in  the  same  way  by  Dr  Young,  is  not 
enough  to  set  aside  the  conclusion,  that  the  amount  of  ab- 
sorption of  liquids  in  the  human  body,  through  the  entire 
cuticle,  where  no  pressure  is  used,  is  in  general  trifling; 
particularly  when  compared  with  the  actiAaty  of  absorption 
at  the  lungs: 

More  recent  experiments,  shewing  the  facility  with 
which  gases  either  intermix  with  each  other,  or  penetrate 

•  See  Dili,  on  Absorption  by  the  Skin,  Edinburgh  Medico-Chirurgical 
Transactions,  vol.  ii. 

t  See  particularly  Dr  Dill's  paper,  .inil  Dr  Young's  Thesis,  Ediu. 
1817. 
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into  fluids,  through  the  medium  of  animal  membranes*, 
render  it  highly  probable,  that  an  absorption,  as  well  as  ex- 
halation, of  gaseous  matter  may  take  place  through  the  cu- 
ticle ;  but  we  have  no  reason  to  think  that  this  absorption 
is  important  to  the  animal  economy,  or  its  amount  consi- 
derable, when  compared  with  that  at  the  lungs. 

The  whole  amount  of  watery  excretion  from  the  skin  and 
lungs  manifestly  alternates,  in  the  healthy  state,  with  that 
by  the  kidneys ;  the  effect  both  of  external  heat,  and  of  ex- 
ercise, which  increase  the  former,  being  to  diminish  the 
latter.  But  the  quantity  of  the  secretion  of  bile,  and  pro- 
bably also  of  mucus  Ln  the  intestines,  though  apparently 
diminished  by  violent  excitation  of  the  circulation,  as  by 
hard  exercise,  does  not  alternate  with  the  amount  of  the 
exhalation  at  the  skin  and  lungs ;  being  usually  increased, 
simultaneously  with  these  exhalations,  both  by  moderate 
exercise  and  by  warm  seasons  or  climates. 

X.  Of  Muscular  Texture. 

The  external  aspect  and  vital  properties  of  this  texture, 
the  chief  seat  of  vital  contractions,  have  been  stated  alrea- 
dy ;  and  its  distribution  over  the  body,  and  the  purposes  to 
which  it  is  applied,  appear  in  the  account  of  the  different 
functions  in  which  it  is  employed ;  but  some  facts  may  be 
stated  here,  chiefly  in  relation  to  its  chemical  composition, 
and  its  nutrition  and  absorption. 

Although  the  smallest  muscular  fibres  appear  every 
where  similarly  constituted,  there  is  much  variety  as  to 
their  arrangement  and  connexions  in  diff"erent  parts  of  the 
body.  Those  which  are  destined  only  to  involuntary  mo- 
tion, are  generally  attached  to  soft  parts ;  their  course  is 
more  complex;  they -are  generally  of  looser  texture,  and 
more  distensible,  tlian  those  of  voluntary  muscles;  but 

"  SeeMiTCHELi.  on  the  Penetrativeness  of  Fluids.  American  Journal 
of  Medical  Scie7ice.i,  vol.  vii. 
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theii"  vital  contractions  appear  at  least  as  forcible.  Those 
destined  to  voluntary  motion  ai-e  generally  of  denser  tex- 
ture, and  redder  colour ;  they  are,  for  the  most  part,  at- 
tached to  bones  and  fibrous  parts,  and  are  divided  by  the 
disposition  of  their  fibres,  into  straight,  radiated,  penniform, 
compound  penniform,  &c. 

By  boiling  water  on  muscles,  a  quantity  of  albumen, 
which  takes  the  solid  form ;  of  gelatin,  which  becomes  solid 
on  cooling;  and  of  extractive  matter  or  osmazome,  which 
remains  in  solution ;  and  several  salts,  are  obtained  from 
them ;  and  the  fibrin  that  remains  still  preserves  the  origi- 
nal form,  though,  when  perfectly  dried,  stated  not  to  ex- 
ceed 17  per  cent,  of  the  whole  weight.  The  Osmazome  is 
the  principle  which  gives  taste  and  smell  to  muscular 
flesh ;  it  is  the  most  putrescible  part  of  the  substance,  and 
is  distinguished  by  its  solubility  both  in  water  and  alcohol : 
nearly  resembling,  in  this  and  other  respects,  the  uncoagu- 
lable  matter  of  the  serosity  of  the  blood. 

The  subdivision  of  bloodvessels  in  the  substance  of  mus- 
cles, is  not  so  minute  as  in  those  textures  where  fluids  are 
secreted,  and  their  nutrition  and  absorption  are  slow. 
They  are  often  seen  gi-adually  to  acquire  great  increase  of 
bulk,  particularly  in  consequence  of  frequent  excitation ; 
and  to  waste  from  inaction,  from  disease,  and  from  the  ef- 
fects of  certain  poisons.  But  their  substance  is  not  easily, 
if  at  all  repaired,  by  similar  texture,  after  laceration  or  rup- 
ture ;  and  they  are  very  little  liable  to  any  such  alterations 
in  disease  as  imply  rapid  deposition  and  absorption. 

According  to  Sir  E.  Home,  and  to  Prevost  and  Dumas, 
the  muscular  fibres  are  composed  of  globules  precisely  si- 
milar to  those  of  the  blood;  and  it  has  been  lately  stated 
by  DuTBOCHET,  that  galvanism  applied  to  a  drop  of 
blood,  kept  fluid  by  the  addition  of  a  little  alkaline  solu- 
tion,— or  to  the  yolk  of  an  egg  diffused  in  water,  deter- 
mines the  formation  of  rows  of  globules,  which  contract 
after  the  manner  of  muscular  fibres  *.  But  the  analogy  of 
•  Annales  des  Sciences  Naturelles,  t.  xxiii. 
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this  to  the  formation  of  muscular  fibre  out  of  the  blood,  is 
not  to  be  relied  on. 

It  may  be  stated  here,  in  general  terms,  that  muscles  are 
useful  in  the  animal  economy,  by  vital  contractions,  directed 
to  one  or  other  of  the  three  following  ends.  First,  To  di- 
minish a  cavity  which  they  surround,  as  in  the  case  of  the 
heart,  stomach  and  intestines,  bladder,  &c.  Secondly, 
When  both  of  their  extremities  are  fixed,  or  nearly  fixed,  to 
alter  their  own  direction,  and  thereby  expand  or  compress 
adjoining  parts,  as  in  the  case  of  the  diaphragm,  buccina- 
tor muscle,  &c.  Thirdly,  Where  one  of  their  extremities  is 
fixed,  and  the  other  moveable,  to  draw  the  latter  towards 
the  former,  as  in  the  case  of  almost  all  the  strictly  volunta- 
ry muscles  of  the  trunk  and  extremities. 


XI.  Of  Nervous  Substance. 

It  is  necessary  here,  in  the  first  place,  to  recollect  the 
different  parts  of  which  the  Nervous  System,  in  man,  and 
other  vertebrated  animals,  consists ;  the  Brain,  Cerebellum, 
Medulla  Oblongata,  and  parts  connecting  these,  enclosed 
within  the  cranium;  the  Spinal  Cord,  situate  in  the  canal 
of  the  vertebrae :  and  the  Nerves,  originating  from  these, 
and  extending,  by  innumerable  ramifications,  probably  to 
all  parts  of  the  body  in  which  vessels  can  be  traced :  next, 
the  protection  given  to  the  larger  masses  of  the  nervous 
system  by  the  bones  of  the  head  and  spine,  and  by  the 
three  membranes  which  envelope  them  within  these  bones; 
and  to  the  nerves,  by  their  concealed  situation  in  most 
parts  of  the  body,  and  by  the  firm  membrane  investing 
them  ;  and  lastly,  the  division  of  the  nervous  matter  into 
grey  or  cineritious,  and  white  or  medullary,  and  the  ge- 
neral disposition  of  these ;  the  grey  matter  covering  the 
white  in  the  convolutions  of  the  brain  and  cerebellum,  " 
lying  within  it  in  the  spinal  cord,  and  alternating  with  it, 
in  different  forms,  in  the  tuber  annulare,  and  in  various  of 
the  central  parts  of  the  brain. 
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The  outer  surface  of  the  serous  membrane  which  imme- 
diately invests  the  brain  and  spinal  cord,  is  always  moist- 
ened by  an  attenuated  serous  fluid,  which  is  confined 
beneath  the  arachnoid  on  their  exterior,  and  contained 
within  the  ventricles  in  the  interior  of  the  brain ;  and  these 
two  portions  of  the  fluid,  in  the  natural  state,  appear  to 
communicate  by  the  small  opening  at  the  extremity  of  the 
fourth  ventricle. 

As  membranes  continuous  with  the  pia  mater  descend 
between  the  convolutions,  and  into  the  cavities  or  fissures 
of  the  brain,  no  part  of  the  nervous  matter  there  is  distant 
from  the  Avascular  membrane,  from  which  it  derives  its 
blood,  and  on  which  the  vessels  ramify  minutely  before 
they  penetrate  it ;  and  the  same  holds  of  the  nerA'es,  all  of 
which  are  composed  of  great  numbers  of  very  slender  fila- 
ments, bound  together  by  cellular  substance,  which  receive 
minute  vessels  from  the  ncurilema. 

The  nervous  matter,  both  grey  and  white,  appears,  un- 
der the  microscope,  to  be  composed,  in  a  great  measure,  of 
minute  globules ;  and  these,  in  the  medullary  substance, 
are  arranged  into  fibres,  which  are  in  few  places  distinctly 
perceptible  in  the  recent  state,  but  become  obvious  after 
hardening  by  alcohol,  boiling  oil,  diluted  nitric  acid,  &c. 

The  following  general  facts,  in  regard  to  the  anatomical 
distribution  of  the  nervous  system,  appear  to  be  those 
which  most  immediately  connect  themselves  with  its  phy- 
siology. 

1.  The  nerves  may  be  divided,  as  was  pointed  out  by 
Mr  Bell,  into  Symmetrical  and  Irregular ;  the  distinctions 
of  which  are,  that  the  former  arise  from  the  larger  masses 
of  the  nervoug  system,  by  double  roots,  an  anterior  and  a 
posterior  ;  that  tliere  is  a  ganglion  on  the  posterior,  where 
it  passes  through  the  dui-a  mater ;  that  they  pass  out,  in 
general,  nearly  at  right  angles  to  tlie  surface  from  which 
they  arise,  and  do  not  cross  each  other,  nor  inosculate  till 
they  are  at  some  distance  from  that  surface ;  and  that  they 
form  a  complete  system,  supplying  all  parts  of  the  body, 
whether  these  have  other  nerves  or  not;  whereas  the  irre- 
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gular  nerves  have  no  such  regular  arrangement  of  double 
roots,  pass  out  in  more  various  directions,  several  of  them 
cross,  and  some  inosculate  freely  with  the  other  class  of 
nerves,  and  so  unite  the  different  divisions  of  the  frame ; 
and  they  always  go  to  parts  which  have  likewise  nerves  of 
the  symmetrical  class. 

The  first  class  comprehends  all  the  pairs  of  the  spinal 
nerves,  thirty  in  number,  and  the  fifth  pair  of  the  cerebral. 
There  is  moi'e  difliculty  as  to  the  arrangement  of  the  cere- 
bral nerves ;  but  physiological  facts,  to  be  afterwards  stated, 
seem  clearly  to  indicate  that  those  cerebral  nerves  which 
go  to  muscles  only,  the  third,  probably  the  fourth,  the  sixth, 
portio  dura  of  the  seventh,  and  ninth,  as  well  as  the  smaller 
or  anterior  branch  of  the  fifth,  correspond  to  the  anterior 
portions  of  the  spinal  nerves,  and  are  to  be  ranked  in  the 
symmetrical  system.  The  nerves  strictly  belonging  to  the 
irregular  class,  are  the  eighth  pair,  the  spinal  accessory 
nerves,  the  phrenic  and  external  respiratory  nerves  of  Mr 
Bell,  and  the  great  sympathetics.  The  first,  second,  and 
portio  mollis  of  the  seventh,  the  functions  of  which  are  well 
known,  may  be  either  ranked  as  irregular  nerves,  or  be  se- 
parated from  both  classes. 

2.  Some  of  the  nerves  pass  to  the  organs  to  which  they 
are  destined,  and  are  subdivided  there,  without  inoscula- 
ting with  any  others  on  the  way ;  but  by  far  the  greater 
number  of  the  nerves  are  connected  with  others,  either  by 
Plexuses  or  Ganglia.  The  former  are  multiplied  unions 
and  separations  of  the  larger  branches  of  nerves,  without 
any  intervening  substance  ;  and  the  most  striking  instance 
is  the  axillary  plexus,  formed  by  the  nerves  of  the  sym- 
metrical system,  going  to  the  arm  ;  but  a  similar  intermix- 
ture of  filaments  no  doubt  takes  place  in  the  sciatic  and 
crural  nerves,  which  are  formed  by  the  lumbar  and  sacral 
nerves ;  and  the  irregular  nerves  of  the  trunk  of  the  body 
are  very  generally  connected  in  this  way.  The  ganglia 
are  oval  or  roundish  bodies,  formed  in  part  of  a  vascular 
pulpy  substance,  within  which  there  is  a  separation  and 
reunion  of  nervous  filaments  entering  them,  as  close  and 
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intimate  as  that  of  the  absorbent  vessels  witbin  a  lymplia- 
tic  gland.  These  are  found  on  the  posterior  roots  of  tlie 
symmetrical  nerves  ;  but  the  greater  number,  and  most 
characteristic  examples,  of  the  ganglia,  are  found  on  the 
great  sympathetic  nerve,  the  course  of  which  is  parallel  to 
the  spinal  column, — at  the  points  where  it  crosses  and 
communicates  with  the  symmetrical  nerA'es  that  pass  out 
from  the  spinal  cord.  Many  internal  parts  have  their 
nerves  exclusively  from  these  ganglia ;  and  these  are  there- 
by connected  with  the  whole  extent  of  the  spinal  cord,  and 
hardly  with  any  individual  point  of  it  more  than  with  another. 

3.  All  the  nerves,  symmetrical  and  irregular,  have  their 
origin  either  from  the  Spinal  Cord  itself,  or  from  parts  at 
the  base  of  the  brain,  not  higher  than  the  tubercula  quad- 
rigemina  and  crura  cerebri,  which  are  easily  shown  to  be 
its  prolongations ;  i,  e.  they  arise  from  what  has  been  call- 
ed the  Cerebrospinal  Axis,  on  which  the  brain  and  cere- 
bellum are  superimposed. 

4.  The  Spinal  Cord  is  obviously  divided  into  tvvo  similar 
portions  by  its  anterior  and  posterior  median  fissures;  and 
each  of  these  halves  of  the  cord  is  again,  though  less 
obviously,  divided  into  an  anterior,  middle,  and  posterior 
column.  The  anterior  and  posterior  roots  of  the  spinal 
nerves  come  oflP  just  where  the  anterior  and  the  posterior 
join  with  the  middle  column ;  and  the  small  quantity  of 
grey  matter  within  the  cord  projects  towards  the  same 
points.  The  anterior  columns  appear  to  lead  up  to  the 
corpora  pyramidalia,  the  middle  to  the  corpora  olivaria, 
and  the  posterior  to  the  corpora  restiformia.  The  course 
of  the  chief  fibres  of  all  the  columns  of  tlie  spinal  cord,  as 
traced  after  hardening  the  nervous  matter,  is  longitudinal 
and  uniform,  as  high  as  the  medulla  oblongata  ;  but  at  the 
lower  part  of  the  corpora  pyramidalia,  the  course  of  the 
fibres,  especially  of  the  anterior  and  middle  columns,  be- 
comes more  complex,  and  is  traced  with  difficulty ;  and  a 
partial  decussation  of  the  fibres  below  and  beliind  the  cor- 
pora pyramidalia,  is  observed.  But  it  is  obvious,  that  the 
greater  part  of  the  medullary  fibres  from  the  spinal  cord, 
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and  especially  those  from  its  anterior  and  middle  columns, 
pass  forward,  through  and  behind  the  tuber  annulare,  to 
form  the  crura  cerebri;  and  also  that  another  portion  of 
them,  chiefly  from  the  posterior  columns,  pass  through  the 
corpora  restiformia  into  the  cerebellum. 

5.  The  Brain  proper,  may  be  considered  as  composed  of 
a  central  nucleus,  and  of  folded  laminae  or  convolutions  set 
around  it  at  right  angles  to  its  surface,  The  convolutions 
consist  of  plates  of  medullary  substance,  with  coverings  of 
cineritious  matter,  not  strictly  continuous  with  any  of  the 
fibres  composing  these  plates. 

From  the  descriptions  of  those  who  have  examined  the 
fibrous  structure  of  the  braiu  the  most  accurately,  and  par- 
ticularly of  Reil,  it  would  appear  that  the  central  nucleus 
consists  of  two  sets  of  medullary  fibres,  one  of  which  has 
been  called  vertical,  the  other  horizontal,  from  their  most 
general  directions,  though  both  are  much  convoluted  in 
some  parts  of  their  course.  These  intersect  one  another 
variously,  in  different  parts  of  the  brain,  and  have  portions 
of  grey  matter,  of  various  size  and  figure,  interposed  among 
them. 

The  vertical  fibres  are  continuous  with  those  that  ascend 
from  the  spinal  cord,  through  the  crura  cerebri,  after  cross- 
ing the  tuber  annulare.  They  pass  up  on  the  outer  side 
of  the  thalami  nervorum  opticorum,  and  radiate  thence,  in 
all  directions,  to  the  bottom  of  the  convolutions  ;  many  of 
them,  on  each  side,  passing  obliquely  through  the  corpus 
striatum,  in  a  broad  band  (the  inner  wall  of  the  capsule  of 
Reil),  which  divides  it  into  two  parts;  and  some  of  them 
terminating  in  the  grey  matter  of  the  corpus  striatum. 
The  thalami  and  corpora  striata,  as  well  as  the  corpora 
quadrigemina,  are  appendages  to  this  vertical  portion  of 
the  fibres.  It  is  probable,  though  not  distinctly  demon- 
strable, that  these  vertical  fibres  are  continuous  with,  and 
terminate  in,  the  plates  that  form  the  central  medullary 
portion  of  the  convolutions. 

The  horizontal  fibres  are  confined  to  the  brain,  not  de- 
scending to  the  spinal  cord  :  the  principal  parts  which  they 
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constitute  in  the  central  part  of  the  nucleus  are,  the  cor- 
pus callosum,  and  the  different  commissures,  where  they 
run  transversely;  and  the  fornix,  and  its  crura,  where  they 
run  longitudinally.  Towards  the  exterior  of  the  nucleus, 
there  are  found  not  only  the  prolongations  of  the  transverse 
horizontal  fibres,  but  also  other  fibrous  bands,  which  are 
wrapped  around  the  base  of  the  convolutions,  and  connect 
these  with  each  other  *. 

The  lobes  and  lobules  of  the  cerebellum  consist,  like  the 
convolutions  of  the  brain,  of  medullary  fibres  arranged  in- 
to laminai  or  plates,  which  are  set  around  an  irregular  nu- 
cleus. In  that  nucleus,  there  are  transverse  or  liorizontal 
medullary  fibres  uniting  the  laminae  at  their  base  ;  but  the 
greater  part  of  the  central  nucleus  of  the  cerebellum  con- 
sists of  fibres  continuous  witli  the  medullary  plates  of  the 
lobules,  which  pass  forward  to  connect  themselves  with  the 
cerebro-spinal  axis  by  three  columns  ;  first.  By  the  corpora 
restiformia,  which  connect  themselves  with  the  posterior 
columns  of  the  spinal  cord ;  secondly,  By  the  crura  cere- 
belli,  which  form  the  tuber  annulare,  by  crossing  and  en- 
compassing the  larger  portion  of  the  spinal  cord  on  its  way 
to  the  crura  cerebri ;  thirdly.  By  the  valve  of  Vieussens, 
and  its  pillars  (originating  partly  in  the  corpus  dentatum, 
within  the  medullary  portion  of  the  cerebellum),  which  con- 
nect themselves  with  the  crura  cerebri,  below  tlie  corpora 
quadrigemina. 

The  Ventricles  or  Central  Fissures  of  the  Brain  and  Ce- 
rebellum, may  be  said  to  result  from  the  separation  of  the 
vertical  portions  of  the  two  hemispheres  from  one  another, 
and  from  the  apposition  of  the  horizontal  portions  over 
them. 

The  apparent  implantation  of  the  vertical  fibres  of  tlic 
brain  and  cerebellum  on  the  grey  matter  of  the  con  vol  u- 

•  See  Reil's  Papers,  translated  by  Mayo,  in  his  Anatomical  and  Phy- 
siological Commentaries.  GonDON  on  the  Structure  of  the  Brain.  Ke- 
port  of  a  Committee  of  the  French  Institute  on  Gali,  and  SrunzHEiM's 
Anatomy  of  the  Brain,  in  Edinburgh  Medical  and  Surgical  Journal,  vol.  v. ; 
and  Report  by  Cx;viEn  on  Flouuens'  Experiments  on  the  Nervous  Sys- 
tem, in  Journal  de  Physiologie,  t.  ii. 
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tions  and  lobules,  and  on  that  of  the  corpora  striata — the 
origin  of  some  of  the  fibres  of  the  crura  cerebri  in  the  cor- 
pus dentatum, — and  the  extension  of  the  grey  matter  of  the 
spinal  cord  towards  the  origins  of  most  of  the  nerves, — 
have  led  to  the  opinion,  that  it  is  essential  to  the  functions 
of  medullaiy  fibres  that  they  should  terminate,  by  one  ex- 
tremity, in  cineritious  substance.  But  strong  objections  to 
this  opinion  have  been  stated  by  Magendie  and  Desmou- 
LiNS,  particularly  that  in  many  fishes  and  reptiles  cineri- 
tious matter  exists  in  the  brain,  but  not  in  the  spinal  cord, 
yet  the  nerves  arising  from  the  spinal  cord  are  fully  ade- 
quate to  their  functions;  and,  again,  that  the  functions  of 
the  spinal  cord,  in  regard  to  sense  and  motion,  appear,  from 
experiments  to  be  afterwards  stated,  to  reside  in  its  surface 
chiefly,  and  not  in  its  interior,  but  the  grey  matter  is  found 
in  the  interior  only. 

The  nervous  matter  appears  to  be  of  more  complex  che- 
mical composition  than  many  other  animal  solids.  By  the 
action  of  hot  alcohol,  are  obtained  from  it  a  quantity  of  al- 
bumen which  remains  undissolved,  a  quantity  of  oil  which 
is  deposited  on  cooling,  and  a  quantity  of  extractive  matter 
resembling  osmazome,  which  remains  in  solution,  along 
with  some  salts.  A  small  quantity  of  phosphorus,  and  of 
sulphur,  have  also  been  obtained  from  brain.  The  whole 
of  these,  when  perfectly  dried,  constitute  only  20  per  cent, 
of  recent  cerebral  substance. 

No  movements  have  ever  been  seen  in  any  small  portion 
of  nervous  substance,  even  under  the  microscope,  and  when 
examined  at  the  time  when  its  peculiar  functions  were  un- 
doubtedly in  exercise.  But  the  whole  brain  and  spinal 
cord,  when  exposed,  may  be  seen  to  be  slightly  agitated  by 
the  impulse  of  the  blood  at  each  systole  of  the  ventricles  of 
the  heart;  and  more  distinctly,  to  be  elevated  by  the  retar- 
dation, and  depressed  by  the  acceleration,  of  the  flow  of  the 
blood  in  the  great  veins,  in  expiration  and  inspiration. 

Besides  the  peculiarities  formerly  noticed  as  to  the  arte- 
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rial  and  venous  circulation  in  the  brain  and  cerebellum, — 
tbe  effect  of  which  is  to  diminish  the  impetus  with  which 
the  blood  enters  the  brain,  and  diminish  the  pressure  on  it 
from  stagnation  of  the  blood  leaving  it, — there  is  this  far- 
ther peculiarity  as  to  the  circulation  within  the  head,  that, 
•being  carried  on  within  a  cavity  with  unyielding  sides,  it  is 
protected  from  the  pressure  of  the  atmosphere,  which  acts 
on  the  vessels  leading  into  it  and  out  of  it;  and  the  conse- 
quence of  this  is,  that  the  quantity  of  fluids  within  the 
cranium  mupt  be  always  almost  exactly  the  same;  no  un- 
usual quantity  either  leaving  it,  or  entering  it,  without  an 
equal  quantity  being  introduced  or  expelled;  unless  some 
of  the  solids  within  the  cranium  either  suifer  compression 
(which  they  hardly  admit),  or  else  undergo  alteration  of 
quantity,  which  they  cannot  do  quickly. 

But  although  the  whole  quantity  of  fluids  within  the  head 
can  hardly  be  changed,  within  any  short  space  of  time,  yet 
the  impulse  of  the  blood  on  the  nervous  substance,  and 
pressure  thereby  caused,  are  no  doubt  Very  liable  to  change; 
and  farther,  various  facts  shew,  that  the  relative  proportion 
of  blood  in  diff'erent  parts  of  the  encephalon,  and  even  the 
relative  proportion  of  blood  in  the  vessels,  and  of  serum  ex- 
tei'ior  to  them,  are  occasionally  much  and  rapidly  altered*. 

Increased  nutrition  of  the  substance  of  the  brain  or  cere- 
bellum, after  growth  is  over,  cannot  take  place  without  dis- 
ease, from  the  pressure  on  the  cranium  it  must  occasion; 
but  appears  evidently  to  occur  in  a  particular  diseased 
state,  described  as  Hypertrophy  of  the  Brain.  Alterations 
of  the  nutritive  process  in  this  texture  from  disease  are  not 
uncommon ;  but  do  not  seem  to  take  place  so  rapidly  as  to 
indicate  freqtient  change  of  the  substance  of  the  brain  in 
the  progress  of  life.  The  facility  of  increased  absorption 
appears  in  many  cases  of  disease,  where  tumors  gi'ow  on 
the  surrounding  membranes  or  bones,  where  blood  is  effused 
into  the  brain,  and  where  fluid  is  effused  into  the  ven- 
tricles, especially  in  tlie  case  of  Chronic  Hydrocephalus, 
where  the  sutures  of  the  skull  are  enlarged ;  for,  in  what- 
•  Kellie,  Edinburgh  Medico-ehinirgical  Transactions,  vol.  i. 
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ever  manner  it  may  be  that  the  apparent  unfolding  of  the 
convolutions  in  that  case  is  accomplished,  it  is  certain  that  a 
quantity  of  the  substance  intervening  between  the  ventricles 
and  convolutions  must  be  absorbed  away ;  and  that,  in  some 
such  cases,  the  brain  is  considerably  reduced  in  weight  *. 

It  is  certain,  especially  from  the  experiments  of  Cruick- 
SHANKS,  Haighton,  Flourens,  and  Prevost,  that  injuries 
of  the  nervous  substance  may  be  gradually  repaired  in  the 
li\ang  body  by  materials  which  shall  assume  the  true  vital 
properties  of  this  texture,  now  to  be  considered.  An  ob- 
servation of  Mr  Mayo  on  the  apparent  want  of  such  power 
of  reparation  where  the  fifth  nerve  has  been  cut  within  the 
dura  mater,  where  it  has  no  neurilema,  makes  it  probable, 
that  the  nerves  at  least  are  very  dependent,  for  such  power 
of  reparation,  on  the  vessels  of  surrounding  cellular  texture. 

It  is  next  to  be  observed,  that  Nervous  Matter,  in  the 
living  body,  possesses  very  peculiar  and  strictly  Vital  Pro- 
perties, which  are  made  known  to  us  by  the  effects,  on  the 
functions  of  other  organs,  produced  by  physical  impressions 
made  on  various  parts  of  the  Nervous  System.  These  have 
been  already  briefly  and  incidentally  noticed,  but  demand 
fuller  consideration  here. 


I.  Certain  muscles  are  directly  excited  to  contraction  by 
irritation  of  certain  parts  of  the  Nervous  System,  without 
any  impression  being  made  on  the  muscles  themselves.  In 
regard  to  this  general  fact,  the  following  things  are  to  be 
observed. 

1.  The  fact  in  question  is  fairly  exemplified,  only  when 
those  stimuli  are  applied  to  nervous  matter  in  an  animal 
stupified  or  just  killed,  or  to  an  amputated  limb,  when  no 
eflFects  of  sensation  embarrass  the  results. 

2.  The  chief  physical  stimuli  that  answer  this  purpose, 
when  applied  to  the  Nerves,  Spinal  Cord,  or  Brain,  are 
mechanical  impulse  or  sudden  pressure,  chemical  acrida 
(the  effect  of  which,  in  exciting  muscular  contraction  when 

•  See  GoapoN  on  the  Structure  of  the  Brain. 
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applied  to  7ierves  ouly,  is  unequivocally  a  vital  phenome- 
non), and  electricity  or  galvanism. 

3.  This  effect  of  irritation  of  nervous  matter  is  prevented 
from  taking  place  whenever  the  communication,  by  sound 
nerve,  between  the  point  irritated  and  the  muscle  to  be  ex- 
cited, is  interrupted ;  but  not  when  the  communication  be- 
tween the  point  irritated  and  the  brain  is  interrupted. 

4.  This  phenomenon  is  observed,  as  has  been  already 
stated,  on  irritation  of  the  nerves  of  certain  muscles  only; 
many  muscular  parts,  especially  the  Heart  and  Intestines, 
having  appeared  in  the  experiments  of  Haller,  Fontana, 
BiCHAT,  and  many  others,  quite  unaflFected  by  irritation  of 
their  own  nerves,  and  not  distinctly  excitable  (though  their 
movements  may  be  modified),  by  irritation  of  other  parts 
of  the  Nervous  System.  Aiid  from  Mr  Mayo's  experi- 
ments particularly,  it  appears  that  the  distinction  between 
the  muscles  that  are,  and  those  that  are  not,  excitable  in 
this  way,  coincides  very  nearly,  if  not  exactly,  with  that 
between  muscles  destined  to  voluntary  and  involuntary 
motion  *. 

5.  This  phenomenon  is  not  seen  on  irritation  of  all  the  nerves 
of  those  muscles  that  are  subject  to  it,  but  on  irritation  of 
certain  of  these  nerves  only.  For  it  has  been  ascertained 
by  the  experiments,  first  of  Mr  Bell,  and  afterwards  of 
Magendie,  Beclard,  Mayo,  and  many  others,  that  hard- 
ly any  muscular  contractions  caii  be  excited  by  irritation 
of  the  posterior  portions  of  the  spinal  nerves,  or  of  the  gan- 
glionic portion  of  the  5th  nerve,  although  strong  contractions 
may  be  excited  in  this  way  through  the  anterior  portions  of 
the  spinal  nerves,  and  the  3d,  4th,  anterior  portion  of  the 
5th,  the  6th,  portio  dura  of  the  7th,  8th,  and  9th  cerebral 
nerves.  And  Mr  Bell  has  farther  shewn,  from  what  is 
seen  on  tracing  the  nerves  of  the  face,  that  this  difference 
does  not  depend  on  the  nerves  first  mentioned  not  supply- 
ing muscles, — but  that  they  supply  muscles  which  they  can- 
not excite  -f. 

6.  Muscles  which  have  nerves  from  the  spinal  cord  are 
excited  to  contraction,  not  only  by  irritation  of  their  nerves, 

•  Mayo's  Outlines,  p.  50.  f  PhU.  Trans.  1820. 
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but  also  of  the  spinal  cord  itself,  between  the  origin  of  these 
nerves  and  the  brain.  This  irritation  acts  most  powerfully 
on  those  muscles  which  have  nerves  from  the  immediate 
neighbourhood  of  the  points  irritated.  But  it  has  been 
further  shewn  by  experiment,  that  this  power  of  exciting 
muscular  contraction,  when  itself  irritated,  does  not  reside 
in  all  parts  of  the  spinal  cord,  but  chiefly  in  its  anterior 
surface,  in  a  slight  degree  only  in  its  posterior  surface,  and 
hardly  at  all  in  its  internal  parts  *. 

Irritation  of  the  posterior  surface  of  the  spinal  cord,  and 
posterior  roots  of  the  spinal  nerves,  has  appeared  in  some 
experiments  to  cause  contractions,  although  feeble,  confin- 
ed to  those  muscles  which  extend  the  body  and  limbs,  while 
irritation  of  the  anterior  surface,  and  anterior  roots,  acted 
chiefly,  and  more  forcibly,  on  the  flexor  muscles  -f*. 

7.  Muscular  contractions  have  been  very  often  directly 
excited,  in  experiments  on  animals,  and  incases  of  injury 
or  disease  in  the  human  body,  by  irritations  of  the  parts  of 
the  nervous  system  situate  within  the  cranium.  But  it 
has  been  long  known,  from  experiments  by  Zinn,  Lorry, 
Haller,  and  othei's,  that  much  of  the  brain  and  cerebel- 
lum may  be  injured  without  any  sucli  eff"ects  resulting ;  and 
more  recent  experiments,  particularly  those  of  Legallois, 
Dr  WiLsoK  Philip,  and  of  Flourens,  Magendie,  and 
FoDERA,  have  led  to  the  conclusion,  that  no  irritation  of 
the  Brain  proper,  or  Cerebellum,  is  necessarily  effective  in 
producing  muscular  contraction  ;  but  that  this  effect  uni- 
formly results  from  irritation  of  the  medulla  oblongata,  and 
parts  inferior  to  the  corpora  quadrigemina, — no  doubt 
therefore  of  the  fibres  which  ascend  to  the  brain  from  the 
spinal  cord  through  these  parts;  and  that  all  irritation  or 
injury  of  parts  superior  to  this,  excite  muscular  contrac- 
tion only  in  so  far  as  they  extend  directly  or  indirectly  to, 
and  affect,  the  medulla  oblongata  |. 

*  Magekdie,  Journal  de  Physiologie,  torn.  iii. 
t  Bellinoeri,  Archives  de  Medecine,  1825. 

X  See'  particularly  Fi,ot;uens,  Recherches  Experimentalcs  aur  le  Sys- 
tcme  Nerveux  ;  Fodeua  in  .fournal  de  Physiologie,  torn.  iii. ;  and  ]Ma- 
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When  muscular  contraction,  or  convulsive  movement, 
is  produced  by  injury  or  disease  of  either  hemisphere  of  tlie 
brain  or  cerebellum,  it  has  genei*ally  been  observed  on  the 
opposite  side  of  the  body;  and  this  has  been  ascribed  to  the 
decussation  of  the  fibres  at  the  lower  part  of  the  corpora 
pyramidalia.  But  the  decussation  of  nervous  fibres  at  this 
point  cannot  explain  all  the  facts  of  this  kitid,  which  have 
been  often  observed ;  because  this  crossing  of  the  effect  of 
injury  to  the  opposite  side  has  been  observed,  in  the  human 
body,  from  disease  of  the  brain,  in  muscles  moved  by  the 
seventh  and  ninth  nerves,  which  arise  nearer  the  brain  than 
the  decussation  of  the  pyramids. 

To  the  effects  of  injury  or  irritation,  either  of  the  spinal 
cord  or  brain,  on  muscular  contraction,  equally  as  to  those 
of  injury  of  individual  nerves,  it  is  an  essential  condition, 
that  there  be  a  communication,  by  sound  nervous  substance 
from  the  point  irritated,  to  the  muscle  that  contracts. 

8.  In  all  these  cases,  the  efJect  of  iujuiy  of  nervous  mat- 
ter, in  exciting  muscular  contraction,  is  chiefly  observed 
when  it  is  produced  SM(Zfi?e?i/y, — gradual  alteration,  by  injury 
or  disease,  even  of  the  nerves  or  spinal  cord,  and  still  more 
of  the  brain  and  cerebellum,  having  often  been  observed 
where  no  convulsive  motions  had  ever  taken  place. 

II.  The  contractile  power  of  many,  perhaps  of  all  mov- 
ing solids,  is  liable  to  alteration  from  physical  causes  acting 
on  the  Nervous  System,  which  act,  not  as  simple  irritants, 
exciting  contraction,  but  as  stimulants  or  sedatives  ( see  p. 
11.)  exalting  or  depressing  the  vital  power.  This  effect  of 
physical  impressions  on  the  Nervous  System  is  chiefly  seen 
in  the  involuntary  muscles.  It  is  imperfectly  understood, 
and  is  with  difficulty  distinguished  from  the  effect  of  sensa- 
tions ;  but  the  following  facts  leave  no  I'oom  for  doubt  as  to 
its  existence. 

1.  It  appears  from  the  experiments  of  Legallois,  that 
by  a  certain  amount  of  mechanical  injury  of  any  part  of 
the  spinal  cord,  the  heart's  action  may  be  very  much  and 
instantaneously  weakened,  or  even  suddenly  suppressed; 
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and  from  the  experiments  of  Dr  Wilson  Philip,  that  the 
same  may  happen  from  a  certain  degree  of  injury  of  the 
brain  :  but  that  from  slighter  injury,  either  of  brain  or  spinal 
cord,  inflicted  on  an  animal  in  a  state  of  insensibility,  the 
heart's  action  is  sensibly  quickened  *. 

It  appears  also  from  the  experiments  of  these  authors, 
and  especially  of  FLOURENs-f-,  that  great  mechanical  injury 
of  the  brain  or  spinal  cord  weakens  the  circulation  in  the 
capillaries  sooner,  and  in  a  greater  degree,  than  that  in  the 
large  arteries,  and  even,  that  such  injury  of  the  spinal  cord 
is  often  seen  to  affect  immediately  the  flow  of  blood  in  the 
capillaries  of  those  parts  only,  which  have  their  nerves  from 
the  injured  portions  of  the  spinal  cord. 

3.  Those  mechanical  injuries  of  the  human  body,  which 
cause  insensibility  by  general  concussion  of  the  system,  a' 
the  same  time  manifestly  and  sometimes  irretrievably  de- 
press the  circulation  ;  which  effect  it  is  reasonable  to  refer 
to  an  impression  on  the  nervous  system,  because  of  the  ac- 
companying insensibility  (which,  as  we  shall  see,  implies 
aflPection  of  that  system)  ;  and  because  it  is  just  similar  to 
the  effect  produced,  in  the  experiments  now  mentioned,  by 
injuries  of  the  nervous  system,  without  much  general  con- 
cussion of  the  body.  In  some  such  cases  of  concussion  in 
the  human  body,  as  well  as  in  such  experiments,  violent 
convulsions  of  voluntary  muscles  attend  the  insensibility, 
and  the  failure  of  the  heart's  action; — the  same  impression 
on  the  nervous  system  which  excites  the  voluntary  muscles, 
acting  as  a  sedative  on  the  vital  power  of  the  heart. 

The  inordinate  action  of  the  bladder,  and  consequent  in- 
continence of  urine,  which  ensue,  in  many  cases,  after  in- 
jury or  disease  of  the  spinal  cord,  have  also  been  regarded 
as  an  example  of  increased  vital  power  in  a  muscular  part, 
from  physical  irritation  of  nervous  matter ;  but  where  this 
effect  onthebladder  has  taken  place  gradually  from  this  cause, 
it  ought  probably  to  bo  ascribed  to  the  inflammatory  action 

■  Experimental  Inquiry,  Exp.  20,  21,  22,  34,  38. 

+  Recherches  Experimentales,  p.  190  &  196. 
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which  in  these  circumstances  is  apt  to  supervene  in  the  mu- 
cous membrane,  and  the  cause  of  which  will  be  considered 
under  the  next  head. 

It  appeared  in  the  experiments  of  Dr  Wilson  Philip, 
that  the  effect  produced  on  the  heart's  action,  by  impres- 
sions made  on  the  nervous  system,  was  nearly  in  proportion 
to  the  extent  of  nervous  matter  on  which  these  impressions 
were  made,  and  was  neai'ly  the  same,  in  whatever  part  of 
cei'ebro-spinal  axis  the  injury  was  inflicted*;  and  accord- 
ingly, both  in  the  case  of  concussion,  and  in  several  diseases 
(c.  g.  in  hydrocephalus  and  some  cases  of  apoplexy),  in 
which  the  heart's  action  is  peculiarly  influenced  by  changes 
in  the  nervous  system,  it  maybe  observed  that  these  changes 
extend  to  a  large  surface  of  nervous  matter.  But  it  is  cer- 
tain that  the  circulation  in  the  arteries  of  a  limb  may  be 
sometimes  observed  to  be  much  weakened  immediately  after 
a  paralytic  stroke,  when  there  may  be  no  evidence  of  more 
than  a  very  small  portion  of  nervous  substance  being  in- 
jured so  that  we  cannot,  as  yet,  lay  it  down  as  a  principle 
that  this  kind  of  influence  on  contractile  parts,  results  on. 
ly  fi'om  impressions  made  on  large  portions  of  the  nervous 
matter. 

III.  Although  we  gave  reasons  for  thinking  that  Secre- 
tion and  Nutrition  are  truly  independent  of  nerves,  yet 
several  facts  show,  that  physical  impressions  on,  or  injuries 
of,  the  nervous  system,  materially  and  variously  infimnce 
these  functions,  as  well  as  the  circulation  in  the  small  ves- 
sels which  are  their  seat.  This  kind  of  influence  of  phy- 
sical impressions  on  nervous  matter,  is  also  imperfectly 
understood,  and  not  easily  distinguished  from  the  effects 
of  mental  acts ;  but  it  seems  exemplified  in  the  following 
instances : 

1.  The  effect  of  section  of  the  eighth  nerve  in  the  neck, 
in  not  merely  suspending  the  secretion  of  gastric  juice  at 
the  stomach  (which  is  a  somewhat  ambiguous  case),  but 
also  in  exciting  a  degree  of  inflammatory  action  tliere ;  in 

•  Experimental  ItKiuiiy,  p.  114  and  11.'). 
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preventing  the  usual  eflFusion  of  mucus  in  the  intestines, 
even  when  arsenic  has  been  swallowed  *  ;  and,  on  the 
other  hand,  in  exciting  inflammation,  and  increasing  the 
mucous  secretion,  in  the  lungs  and  bronchise  "f. 

2.  The  efl^ects  (viz.  inflammation,  ulceration,  and  slough- 
ing,) produced  on  the  eye-ball,  and  in  some  instances  on 
the  membrane  of  the  nose,  and  on  the  gums,  as  was  first 
ascertained  by  Magendie,  by  section  of  the  fifth  nerve, 
which  supplies  these  parts ;  and  likewise,  in  a  less  degree, 
by  section  of  the  sympathetic  nerve  in  the  neck  I, — efl*ects 
which  have  also  been  seen  in  some  cases  in  the  human 
body,  from  disease  of  the  fifth  nerve. 

3.  The  inflammatory  condition,  with  increased  and  alter- 
ed secretion,  of  the  mucous  membrane  of  the  bladder,  in 
many  cases  of  paraplegia,  dependent  on  injury  of  the  spinal 
cord. 

The  diminished  nutrition  and  diminished  secretions  (e. 
g.  by  the  skin),  often  observed  in  a  limb  which  has  been 
for  some  time  palsied,  by  section  of  its  nerve,  or  disease  of 
the  brain,  may  be  thought  to  illustrate  the  same  point ;  but 
these  effects  are  perhaps  sufficiently  explained  by  the  total 
inactivity  of  such  a  limb. 

It  is  to  be  observed,  that  such  effects  as  those  now  sta- 
ted, on  secretion  and  nutrition,  have  been  observed  only 
in  certain  parts  of  the  body,  and  chiefly  fi'om  injury  of 
certain  of  the  nerves  supplying  these.  These  are  the  sen- 
tient nerves  of  the  parts  in  question;  and  the  secretions 
which  are  changed,  are  generally  mucous  secretions,  which 
are  habitually  excited  by  irritations  producing  sensation. 
It  may  therefoi*e  be  reasonably  conjectured,  that  the  cff^ect 
of  the  section  of  the  nerve  is  merely  to  suspend  the  sensa- 
tions of  the  part,  and  thereby  greatly  diminish  or  alter  its 
usual  secretions ;  and,  as  these  secretions  serve  as  a  defence 

•  Bhodie,  PhU.  Trans.  1814. 

+  Wilson  Philip,  1.  c.    Swan,  Essay  on  the  Connexion  between  the 
Action  of  the  Heart  and  Arteries  and  the  Nei-vous  System. 
t  See  DupuY,  Journal  de  Medecine,'t.  xxxvii. 
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from  the  irritation  of  foreign  matters,  to  which  these  parts 
ai*e  liabitually  exposed,  the  effect  of  their  diminution  or 
change  is  to  dispose  the  parts  to  inflammation  from  that 
irritation.  This  conjecture  is  supported  by  the  fact,  that 
inflammation  of  mucous  membranes,  and  among  others  of 
the  Tunica  Conjunctiva  of  the  eye,  is  observed  in  other 
cases,  where  there  is  great  debility  of  the  circulation,  defi- 
cient secretion,  and  insensibility,  as  in  animals  kept  long 
fasting,  and  in  the  last  stage  of  Fever.  On  this  supposi- 
tion, changes  in  secretion  or  nutrition  are  not  the  direct 
effect  of  the  injuries  of  the  nerves,  but  are  to  be  ascribed 
to  the  loss  of  the  sensations  by  which  certain  secretions 
are  habitually  excited  and  modified. 

These  statements  of  physical  phenomena,  however, 
illustrate  the  very  peculiar  powers,  known  only  by  their 
effects  on  other  parts  of  the  animal  frame,  which  the  Ner- 
vous System  in  living  animals  possesses.  Only  one  theory, 
in  explanation  of  these  powers,  appears  to  deserve  atten- 
tion, viz.  that  which  ascribes  them  to  Galvanism,  evolved 
in  the  animal  frame,  especially  by  the  contact  of  nervous 
with  muscular  substance.  It  is  known  that,  by  the  con- 
tact of  these  substances,  galvanic  phenomena,  in  a  slight 
degree,  may  be  produced ;  and  that  galvanism,  however 
evolved  is  a  powerful  stimulant  of  muscular  contraction, 
— in  an  excessive  degree,  is  a  powerful  sedative, — and  has 
also  appeared  frequently  to  influence  the  capillary  cu-cula- 
tion  and  secretions. 

It  appeared  also,  in  some  experiments  by  Dr  Edwards, 
that  when  the  nerve  and  muscle  of  a  frog  were  laid  on  a 
good  conductof  of  electricity,  irritation  of  the  nerve  had 
much  less  effect  in  exciting  the  muscle,  than  when  they 
were  laid  on  a  non-conductor;  which  he  ascribed  to  the 
galvanism  supposed  to  be  excited  in  the  nerve  being  carried 
oflf  by  the  conductor  of  electricity  in  the  former  case,  and 
therefore  not  affecting  the  muscle  *. 

But  whatever  be  the  true  explanation  of  this  fact,  the 
"  Ann.  des  Sciences  Naturelles,  t.  v. 
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following  general  objections  may  be  stated  to  the  Galvanic 
theory  of  Nervous  actions,  such  as  we  have  hitherto  con- 
sidered them. 

1.  The  causes  which  excite,  in  the  highest  degree  of  in- 
tensity, those  changes  in  nerves  by  which  muscles  are  ex- 
cited (e.  g.  such  causes  as  bruising  with  a  jirobe,  or  pricking 
with  a  pin),  seem  quite  inadequate  to  the  production  of  a 
sudden  and  powerful  galvanic  influence. 

2.  We  have  seen  that  these  causts  do  not  act  on  all  nerves, 
and  through  them  on  all  muscles  which  they  supply,  but 
only  on  the  nerves  of  certain  muscles,  and  only  on  certain 
of  these  nerves. 

3.  We  have  seen  that  the  power  of  exciting  muscular 
contraction  is  so  far  from  residing  in  nervous  substance  in 
general,  that  it  resides  on  one  surface  of  the  spinal  cord, 
and  not  on  the  other, — ^nor  in  its  centre ;  nay,  it  resides  in 
one  part  of  a  nervous  fibre,  in  the  medulla  oblongata,  and 
not  in  another  part  of  the  same  fibre,  half  an  inch  higher 
in  the  brain. 

4.  While  the  changes  in  the  nervous  system,  which  ex- 
cite muscles  to  contraction,  take  place  only  in  certain  parts 
of  the  nervous  system,  those  which  exalt  or  depress  the  vital 
power  of  muscles,  appear  to  take  place  especially  in  others, 
and  therefore  affect  especially  other  muscles ;  and  the  same 
cause  {e.g.  a  violent  concussion)  which  produces  one  of 
these  effects  exclusively  in  one  nerve,  may  produce  the 
other  in  another  nerve  immediately  adjoining  it. 

The  experiments  of  Person  and  of  Muller  have  shewn 
farther, 

1.  That  no  galvanic  action  can  be  detected  by  the  finest 
galvanometer  in  a  nerve,  at  the  moment  when  some  change, 
consequent  on  its  irritation,  and  transmitted  along  it,  is  ex- 
citing a  muscle  to  contraction. 

2.  That  a  sensitive  nerve,  going  to  a  muscle,  is  equally 
capable  as  its  motor  nerve,  of  conducting  a  galvanic  cur- 
rent to  that  muscle,  and  thereby  exciting  it,  although  no 
irritation,  confined  to  that  sensitive  nerve,  has  any  power 
of  exciting  the  muscle  to  contraction. 
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3.  That  such  an  injury  of  a  nerve,  as  completely  pre- 
vents any  irritation,  above  the  injured  part,  from  exciting 
the  muscle  supplied  by  it,  has  no  effect  in  preventing  the 
transmission  of  a  galvanic  current  from  the  upper  part  of 
the  nerve  through  the  injured  part,  so  as  to  excite  that 
muscle  *. 

These  facts  unequivocally  indicate,  that  if  it  be  galvanism 
which  enables  nerves  to  act  on  muscles  in  the  living  body, 
it  is  galvanism  excited  by  means,  and  subjected  to  laws, 
very  different  from  what  we  observe  in  examining  the  gal- 
vanic phenomena  of  dead  matter.  And  this  is  equivalent 
to  saying,  that  nerves  act  on  muscles  in  the  living  body,  in 
Aartue  of  certain  vital  powers. 

The  most  comprehensive  and  least  theoretical  general 
name  that  we  can  give  to  the  changes  in  the  nervous  sys- 
tem that  are  referable  to  these  powers,  is  that  of  Nervous 
Action,  or  Nervous  Agency. 


CHAPTER  VIII. 

OF  THE  ANIMAL  FUNCTIONS  IN  GENERAL. 

We  have  attributed  peculiar  Vital  Properties  to  the 
Nervous  System,  in  consequence  of  the  observation  of  cer- 
tain merely  physical  phenomena.  But  these  phenomena 
are  the  effects  of  injury  and  violence  ;  aud  we  have  no  rea- 
son to  think  that,  in  the  natural  and  healthy  state,  tliose 
properties  are  frequently,  if  at  all,  called  into  action  in  this 
way.  We  believe  the  phenomena  last  stated  to  be  only  in- 
dications of  the  powers  which  are  given  to  the  Nervous 
System  in  living  animals,  in  order  that  it  may  be  the  seat, 
and  the  instrument,  of  Mental  Acts. 

These  Mental  Acts,  and  all  the  functions  in  which  they 
have  a  necessary  share,  constitute  the  Animal  Life,  or  Ani- 

•  See  Journal  tie  Physiologic  for  1830,  and  Annales  d'Histoire  Naturelle, 
1831.  5 
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mal  Functions,  as  distinguished  by  Bichat  and  others. 
Some  general  observations  on  these  functions  may  be  intro- 
duced here,  and  will  simplify  the  discussion  of  the  remain- 
ing departments  of  Physiology. 

I.  As  the  words  Sensation  and  Thought  express  simple 
ideas,  it  is  impossible  to  define  them ;  but  no  man  can  be  at 
a  loss  as  to  their  meaning,  who  is  told  that  they  apply  to 
those  changes  which  all  men  continually  experience  within 
themselves  ;  and  to  which  all  have  been  in  the  habit  of  ap- 
plying such  terms  as  Sight,  Touch,  Recollection,  Judgment, 
Joy,  Sorrow,  Hope,  Fear,  &c.  The  word  Mind  is  defined 
by  saying,  that  it  is  that  which  undergoes  the  changes,  or 
performs  the  acts,  or  exists  in  the  states,  to  which  these 
different  terms  are  applied. 

Neither  does  any  man  feel  any  difficulty  in  understand- 
ing the  difference  between  what  are  strictly  called  Sensa- 
tions, and  what  are  called  Thoughts,  when  he  is  told  that 
the  former  term  is  applied  to  the  changes  which  he  experi- 
ences, when  an  impression  is  made  on  any  of  his  external 
senses,  and  the  latter  to  those  other  changes  of  w^hich  he  is 
internally  conscious,  when  no  impression  is  made  on  his 
senses,  e.  g.  Recollections,  Emotions,  or  Judgments. 

When  we  reflect  on  the  essential  nature  of  this  difference, 
which  every  one  must  have  habitually  recognised,  long  be- 
fore he  has  made  it  an  object  of  attention,  we  find  that  the 
name  Sensation  is  given  to  those  changes  which  (in  the 
adult  state  at  least)  are  attended  with  an  instantaneous 
conviction,  that  they  depend  immediately  on  a  cause  that  is 
independent  of,  and  external  to,  the  sentient  mind  that  under- 
goes the  change.  How  this  conviction  of  the  independence 
of  its  immediate  cause  is  acquired,  i.  e.  in  what  circumstan- 
ces it  first  arises  in  the  mind,  we  do  not  now  inquire;  but 
it  is  a  part  of  the  Natural  History  of  our  mental  constitu- 
tion, and  is  the  attendant,  and  the  essential  characteristic, 
of  that  mental  change,  to  which  we  give  the  name  of  Sen- 
sation. 

The  immediate  cause,  independent  of,  and  external  to. 
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the  sentient  mind,  to  which  we  naturally  ascribe  the  ex- 
citation of  ^sensation,  is  what  we  call  Matter;  and  we  at- 
tribute to  it  different  qualities,  corresponding  to  the  differ- 
ent sensations  which  it  excites  in  our  minds ;  or,  as  it  is 
otherwise  expressed,  we  perceive  it,  and  its  qualities,  by  our 
senses. 

If  this  account  of  the  strict  meaning  of  the  terms  Mind 
and  Matter  be  correct,  no  more  need  be  said  in  order  to 
shew,  that  it  is  illogical  and  absurd  to  speak  of  these,  other- 
wise than  as  separate  existences ;  because  any  one,  who  has 
correctly  apprehended  the  meaning  of  the  two  terms,  has  al- 
ready formed  the  judgment,  that  the  one  is  independent  of 
the  other. 

The  one  term  is  applied  to  the  individual  being,  which 
we  natui'ally  and  intuitively  judge  to  be  the  subject^  or  seat, 
of  those  changes  which  we  call  Sensations  or  Thoughts  ;  it 
is  that  which  actually  exists  in  the  different  states,  to  which 
we  give  these  names ;  and  we  cannot  apply  the  term  to  any 
thing  which  we  judge  to  be  separate  from,  and  independent 
of,  these  feelings.  The  other  is  known  to  us  only  as  the 
object  of  sense  :  the  cause,  judged  to  be  independent  of  our 
sentient  minds,  of  certain  of  the  changes  of  which  these 
minds  are  susceptible ;  and  unless  we  have  already  formed 
the  judgment  of  its  independence,  we  cannot  apply  the 
term.  Those  who  distrust  that  judgment,  will  not  believe 
in  the  existence  of  Matter ;  but  those  who  believe  in  the  ex- 
istence of  Matter,  (unless  they  can  explain  how  they  got 
that  notion,  otherwise  than  as  above  stated),  cannot,  with- 
out absurdity,  identify  it  with  Mind. 

The  same  facts  are  expressed  by  saying,  that  for  the  ex- 
istence of  Mattier  we  have  the  Evidence  of  Sense,  for  that  of 
Mind  the  Evideyice  of  Cmsciousness ;  and  that  we  inquire 
into  tlie  one  by  Observation,  and  into  the  other  by  Reflec- 
tion. For  the  existence  of  any  other  sentient  and  think- 
ing minds  but  our  own,  we  never  can  have  either  of  these 
kinds  of  evidence ;  it  is  not  known  to  us,  either  by  con- 
sciousness or  observation,  but  is  always  a  matter  of  infe- 
rence. 
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It  is  to  be  observed,  then,  that  we  give  the  name  Object 
of  Sense,to  those  things  only  vphich  we  judge  at  the  mo- 
ment when  we  apprehend  their  existence,  to  be  external  to, 
and  independent  of,  the  sentient  mind  that  perceives  them ; 
and  we  distinguish  the  acts  themselves,  of  Sensation  and.  of 
Thought,  from  any  attributes  of  matter,  simply  because 
they  are  not  objects  of  sense ;  and  accordingly,  we  distin- 
guish them  from  all  attributes  of  matter,  not  in  Man  only, 
but  throughout  the  whole  of  Creation ;  and  say,  without  he- 
sitation, that  every  living  being  in  which  we  judge  that  any 
act  of  Sensation  or  Thought  takes  place,  i.  e.  that  every 
Animal,  is  the  residence  of  Mind. 

When  we  speak,  as  physiologists  generally  do,  of  Sensa- 
tion and  Thought  as  functions  of  the  Nervous  system,  it  must 
be  obvious,  from  what  has  now  been  said,  that  we  use  this 
term  Function  in  a  sense  somewhat  different  from  that  in 
which  we  apply  it  to  other  textures  or  organs  of  the  body ; 
because,  in  all  other  instances,  we  apply  the  term  to  a 
change  which  may  be  made,  in  some  way  or  other,  percep- 
tible to  our  senses ;  and  the  changes  now  in  question  are, 
from  their  very  nature,  imperceptible  to  our  senses ;  and 
known  to  each  of  us,  as  existing  in  any  living  body  but  his 
own,  by  inference  only. 

When  we  say  that  Sensation  and  Thought  are  Functions 
of  the  Nervous  System,  we  mean  only  that  this  system  y^r- 
nishes  the  conditions  under  which  Sensation  and  Thought 
in  the  living  body  take  place ;  and  when  we  say  that  In- 
stinctive and  Voluntary  Motion  are,  in  part,  functions  of 
the  Nervous  System,  we  mean  that  this  system  forms  the 
Medium,  through  which  certain  acts  of  mind,  called  In- 
stincts and  Volitions,  are  enabled  to  excite  certain  muscular 
contractions. 

How  it  happens,  that,  under  certain  conditions  of  the 
Nervous  System,  in  the  living  body,  the  different  mental 
phenomena  should  be  connected  with  it,  we  have  no  reason 
to  expect  that  we  ever  shall  know.  When  we  examine  the 
structure  of  the  Brain,  we  see  nothing  which  could  have 
led  us  to  anticipate,  that  it  would  be  the  residence  of 
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Sense  or  of  Intellect;  and  when  we  reflect  on  the  powers 
of  the  human  mind,  and  compare  them  with  the  indications 
of  a  Superior  Intelligence  which  we  see  around  us  in  the 
world,  it  appears  inconceivable  to  us  that  they  should  be 
linked  with  the  existence,  grow  with  the  growth,  and 
change  with  the  changes  of  a  piece  of  soft  white  matter.  But 
in  all  other  inquiries  into  the  works  of  Nature  we  meet  with 
ultimate  facts,  that  are  equally  beyond  our  comprehension. 

The  true  objects  of  this  department  of  Physiology  are 
only  these, — to  distinguish  and  arrange  the  different  Men- 
tal Phenomena  themselves ;  to  ascertain  the  conditions  in 
the  state  of  the  Nervous  System,  on  which  their  manifesta- 
tion depends;  and  to  trace  the  effects  on  the  various  func- 
tions of  the  body,  which  result  from  them. 

XL  Sensations  may  be  divided  into  those  which  are  felt 
in  consequence  of  impressions  made  on  individual  organs 
only,  such  as  Light  and  Colour,  Smells,  and  Sounds,  called 
the  Higher  or  Special  Sensations ;  and  those  which  are  felt 
pretty  generally  over  the  body,  as  Touch,  Heat,  Cold,  Pain, 
to  which  the  name  of  Common  Sensation  is  given.  Acts  of 
Thought,  again,  may  be  divided  into  those  which  not  only 
proceed  from  no  immediate  cause,  but  are  followed  by  no 
immediate  effect,  external  to  the  mind  itself, — such  as  Re- 
collections, Judgments,  Acts  of  Imagination ; — and  those 
which  are  immediately  followed  by  changes  in  the  body. 
Of  this  last  class.  Instincts  and  Volitions,  which  are  uni- 
formly followed,  in  the  natural  state,  by  contractions  of 
certain  muscles,  are  the  most  unequivocal  instances ;  but 
certain  Sensations  and  Emotions  are  likewise  naturally  fol- 
lowed, either  by  muscular  contractions,  or  by  alterations  in 
the  circulation,  or  in  the  secretions  of  various  organs. 
We  do  not  enter  as  yet  into  any  details  regarding  these 
mental  acts ;  but  the  distinctions  now  stated  are  easily  re- 
cognised. 

That  the  Nervous  Systeni  is  essentially  concerned  in,  or 
furnishes  necessary  conditions  to,  all  tliese  phenomena,  wc 
conclude. from  the  following  facts: 
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1.  It  is  shewn  by  unequivocal  experiments,  and  by  the 
uniform  result  of  observations  on  the  human  body,  that 
Sensation  in  every  part  of  the  body,  and  the  effects  of  In- 
stinctive or  Voluntary  efforts  on  the  muscles  which  these 
affect,  are  essentially  dependent  on  Nerves  distributed  to 
those  parts,  and  are  prevented  from  taking  place,  when 
the  communication  of  these  nerves  with  the  cerebro-spinal 
axis  is  interrupted  by  compression  or  destruction  of  the 
nerves.  How  the  different  portions  of  these  nerves  are 
concerned  in,  and  how  far  the  Spinal  Cord  and  Brain 
are  essential  to,  these  functions,  will  be  considered  after- 
wards. 

2.  Although  we  cannot  say  that  the  indications  of  men- 
tal phenomena,  in  organized  beings,  coexist  exactly  with 
the  existence  of  a  Nervous  System,  yet  in  general,  through- 
out the  animal  kingdom,  and  especially  in  vertebrated  ani- 
mals, which  have  a  spinal  cord,  similai'ly  formed  as  the 
human,  and  organs  corresponding  to  brain  and  cerebellum, 
— the  greater  development  of  the  Nervous  System  is  pro- 
portioned to  the  greater  perfection  in  which  the  acts  of 
Sensation  and  Thought  take  place;  and  the  greater  deve- 
lopment of  the  Brain  proper  in  particular,  to  the  greater 
intelligence  of  the  animal. 

3.  All  Sensations,  Thoughts,  and  their  effects  on  the 
body,  are  liable  to  alteration  from  injury  or  disease  of  the 
nervous  system,  especially  of  the  Brain  and  upper  part  of 
the  Spinal  Cord ;  and  there  are  certain  injuries  of  these 
parts,  to  be  afterwards  specified,  which  never  fail  to  put  a 
stop  to  all  indications  of  the  most  important  mental  phe- 
nomena. 

4.  There  is  no  other  texture,  upon  which  the  mental 
phenomena  show  any  dependence, — any  alterations  which 
they  undergo,  in  consequence  of  injury  of  other  textures, 
being  always  referable  to  an  injurious  influence  transmit- 
ted, directly  or  indirectly,  from  these  other  textures  to  the 
nervous  system. 

5.  The  changes  produced  in  different  organs  of  tlic 
body,  by  the  different  acts  or  affections  of  the  mind,  cor- 
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respond  very  nearly  to  the  changes  which  are  observed  in 
these  organs  (e.  g.  muscles,  voluntary  or  involuntary, 
glands,  &c.),  from  the  physical  injuries  of  the  Nervous 
System  already  considered. 

We  can  have  no  doubt  that  the  Nervous  System  is  fitted 
for  the  purposes  which  it  serves  in  regard  to  the  mind,  by 
the  peculiar  Vital  Properties  with  which  we  have  found 
that  it  is  endowed ;  and  which  are  so  far  exemplified  by 
the  effects  of  physical  irritation  or  injury  above  noticed. 
But  these  vital  properties  are  known  to  us  only  by  their 
effects ;  either  on  the  mind,  on  the  one  hand,  or  on  the 
other  bodily  organs,  on  the  other. 

III.  Certain  general  conditions  may  be  stated,  as  es- 
sential to  the  existence  of  these  vital  properties  in  all  parts 
of  the  nervous  system. 

1.  The  most  important  is,  the  circulation  of  Arterial 
Blood  through  the  nervous  matter, — a  condition  necessary 
for  all  functions,  but  the  interruption  of  which  is  more 
speedily  injurious  to  this  than  to  any  other :  and  the  ne- 
cessity of  which  condition  will  appear  distinctly  when  we 
treat  of  Respiration. 

2.  Various  facts  show,  that  any  sudden  alteration  of  the 
Pressure  to  which  the  nervous  matter  is  subjected,  is 
frequently  followed  by  diminution  or  suspension  of  all  the 
animal  functions ;  as,  e.  g.  in  the  case  of  insensibility,  pro- 
duced by  bleeding  in  the  erect  posture  ;  or  by  tapping, 
without  bandaging  the  abdomen,  &c. ;  and  again,  in  the 
case  of  any  such  mechanical  compression  of  the  brain  as 
shall  specially  affect  the  medulla  oblongata.  It  seems  pro- 
bable, that  to  the  sudden  alteration  of  pressure  on  the 
nervous  substance,  we  should  refer  the  fact,  that  drawing  off 
the  small  quantity  of  fluid  that  exists,  in  living  animals, 
beneath  the  arachnoid  and  in  the  ventricles,  enfeebles  or 
suspends  the  animal  functions  *. 

3.  Various  facts  pretty  clearly  indicate,  that  the  Nervous 
System  is  not  passive  during  the  performance  of  any  of  the 

"  Magekdie,  Journal  de  Physiologie,  t.  vii.  et  viii. 
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animal  functions  connected  with  it,  but  undergoes  changes 
in  which  some  (although  imperceptible)  Movement  of  its 
particles  is  probably  concerned.  Of  this  kind  are  the  fol- 
lowing : 

An  impression  from  an  internal  physical  cause,  made  on 
a  part  of  the  Nervous  System,  will  sometimes  excite  the 
same  kind  of  sensation  as  an  external  impression  on  cer- 
tain organs  of  sense.  Again,  the  sensation  produced  by  an 
impression  on  an  organ  of  sense,  lasts  longer  than  the  ap- 
plication of  the  external  cause,  as  is  particularly  obvious  in 
regard  to  the  sensation  of  Light;  and  sensations  which 
have  forcibly  engrossed  the  attention,  are  often  irresistibly 
obtruded  in  a  less  degree  of  intensity,  especially  during 
darkness  and  silence,  long  after  their  causes  have  been  re- 
moved. 

Farther,  it  may  be  observed,  tbat  excessive  exertion  of 
any  of  the  animal  functions  induces  morbid  phenomena, 
which  indicate  derangement  of  the  circulation  in  the  parts 
of  the  nervous  system  most  connected  with  them ; — that 
both  Sensations  and  Volitions,  as  connected  with  the  Ner- 
vous System,  present  many  striking  analogies  to  the  phe- 
nomena of  muscular  contractions  ; — that  they  undei'go 
changes  from  repetition  and  habit,  similar  to  those  former- 
ly noticed  in  contractile  parts ; — and,  in  particular,  that 
the  nutrition  of  the  nerves  of  sense  at  least,  is  increased 
by  their  habitual  employment,  and  diminished  by  their  in- 
activity ; — that  these  functions  require,  equally  as  most  mus- 
cular contractions  do,  intervals  of  relaxation  or  suspension, 
which  they  enjoy  during  sleep  ; — that  they  are  gradually  al- 
tered, nearly  in  {he  same  way  as  muscular  contractions  are, 
in  the  progress  of  life ; — and  that  various  poisonous  or 
medicinal  substances  taken  into  the  circulation,  affect  the 
animal  functions  in  a  way  analogous  to  that  in  which  they 
aifect  involuntary  muscular  contractions. 

IV.  It  is  now  well  ascertained,  not  only  that  the  Vital 

Properties,  which  show  themselves  on  physical  irritation 

of  nervous  matter,  vary  in  different  parts  of  the  syetemj 
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but  that  the  Mental  Phenomena,  which  are  connected  with 
different  parts,  ai'e  quite  distinct ;  and  considerable  pro- 
gress has  been  made  in  the  appropriation  of  the  parts  of  the 
Nervous  System  to  the  different  mental  phenomena.  The 
parts  which  are  appropriated  to  Sensation,  and  to  Instinc- 
tive or  Voluntary  Motion,  are  nearly  ascertained ;  and  the 
statements  to  be  made  on  that  subject  may  be  introduced 
here.  Those  appropriated  to  other  mental  acts  are  less 
clearly  distinguished,  and  what  is  known  as  to  them  will 
appear  in  the  account  to  be  given  of  the  functions  in  which 
these  acts  are  concerned. 

1.  As  to  the  office  of  Nerves  in  Sensation  and  Voluntary 
Motion, — it  is  known  that  they  ai'e  essentially  concerned 
in  these  functions  (see  p.  123.)  But  it  is  also  ascertained 
that  there  are  no  sensations, — not  even  such  as  are  common 
to-all  parts  of  the  body, — which  are. /bit  in  all  nerves  ;  i.  e. 
in  consequence  of  impressions  made  on  all  nerves;  but  that 
there  are,  in  all  parts  of  the  body,  certain  nervous  fibres  or 
filaments  destined  to  sensation,  and  others  incapable  of  ex- 
citing sensation. 

It  has  appeared,  from  the  numerous  experiments,  first  of 
Mr  Bell,  and  since  of  Magendie,  Beclard,  Mayo,  and 
.  many  others, — confirmed  in  a  great  measure  by  observa- 
tions of  cases  of  disease  in  the  human  body, — that,  it  is  by 
iiTitation  of  the  posterior  roots  of  the  spinal  nerves,  almost 
exclusiA'ely,  that  indications  of  pain  (i.  e.  of  common  sensa- 
tion) are  excited ;  and  that  it  is  by  section  of  these  roots  that 
insensibility  of  the  parts  supplied  by  these  nerves  is  pro- 
duced. And  on  the  other  hand,  as  it  is  by  irritation  of  the 
anterior  roots  of  the  spinal  nerves  that  muscular  contrac- 
tions are  chiefly  or  almost  solely  excited,  so  it  is  by  section 
of  these  roots  that  muscles  are  palsied,  i.  e.  that  voluntary 
efforts  are  rendered  ineffectual  for  their  excitation.  Hence 
it  appears,  that  it  is  only  in  consequence  of  different  fila- 
ments of  nerves,  with  different  endowments,  being  bound 
up  in  the  same  sheath  after  they  leave  the  spinal  canal, 
that  these  spinal  nerves  generally  appear  to  minister  botli 
to  sense  and  to  voluntary  motion. 
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Again,  similar  experiments  and  observations  show  still 
more  clearly,  that  those  of  the  cerebral  nerves  which  were 
mentioned  as  capable  of  exciting  muscular  contractions 
when  themselves  irritated,  (the  3d,  probably  the  4th,  the 
anterior  branch  of  the  5th,  the  6th,  Portio  Dura,  and  9th), 
are  the  motor  nerves,  by  which  the  muscles  of  the  eye- 
ball, lower  jaw,  face,  and  tongue,  are  moved  in  obedience 
to  the  will ;  and  that  the  ganglionic  portion  of  the  5th  is 
the  sensitive  nerve,  which  gives,  exclusively,  common  sen- 
sation to  the  face,  eye-ball,  mucous  membrane  of  the  nose, 
mouth  and  tongue. 

This  great  sentient  nerve  is  easily  shewn  to  be  in  com- 
munication with  the  posterior  columns  of  the  spinal  cord  ; 
and  the  motor  nerves,  above  mentioned,  would  seem  to 
communicate  with  its  anterior  columns.  There  is  an  ex- 
ception, however,  in  the  case  of  the  4th,  any  connexion  of 
which  with  the  anterior  columns  of  the  spinal  cord  is  very 
doubtful.  And  it  is  farther  to  be  observed,  that  all  the 
larger  portions  of  the  8th  nerve,  which  seems  to  be  more 
connected  with  the  posterior  than  the  anterior  columns, 
appear  from  experiment  to  be  nerves  both  of  Sensation  and 
of  Motion  *;  and  the  statements  of  Bellingeri  and  others 
show,  that  the  appropriation  of  the  nervous  filaments, 
arising  from  the  diflferent  surfaces  of  the  spinal  cord  to  mo- 
tion, and  to  sensation,  is  not  yet  ascertained  to  be  absolute- 
ly exclusive;  perhaps  because  the  separate  offices  of  the 
different  columns  of  the  spinal  cord  have  not  been  dis- 
tinguished with  sufficient  minuteness.  According  to  the 
recent  observations  of  Muller  f,  in  the  case  of  reptiles,  the 
appropriation  of  the  roots  of  the  spinal  nerves  to  sensation 
and  to  voluntary  action,  appears  to  be  complete  and  ex- 
clusive. 

While  it  thus  appears  that  the  sensations  common  to  all 
parts  of  the  body  are  felt  only  through  certain  of  the  nerves, 
it  is  also  certain  that  the  peculiar  sensations  which  have 

•  Mayo's  Anatomical  and  Physiological  Commentaries,  No.  2. 
t  Annates  des  Sciences  Naturelles,  t.  xxiii. 
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special  organs  appropriated  to  them,  Smell,  Sight,  aud 
Hearing,  are  felt  only  through  their  peculiar  nerves,  the 
1st,  2d,  and  portio  mollis  of  the  7th  (or  a  part  thereof) ; 
and  even,  from  the  experiments  of  Magendie,  that  these 
nerves  are  incapable  of  exciting  common  sensation ;  their 
sensibility  being  confined  to  the  qualities  of  external  things 
to  which  they  are  appropriated,  and  the  common  sensations 
of  the  organs  in  which  they  are  found  depending  on  the 
5th  pair  *. 

The  peculiar  sensations  of  these  special  organs  have  been 
found  to  be  impaired  by  injury  of  the  branches  of  the  5th 
nerve  entering  them  ;  but  this  does  not  prove,  that  the  in- 
juries of  that  nerve  have  more  than  an  indirect  influence 
on  these  sensations,  perhaps  dependent  on  the  alteration 
which  its  injury  produces  on  the  nutrition  of  these  parts 
(see  p.  115).  It  has  been  thought,  that  in  some  animals 
the  organs  of  some  of  the  peculiar  senses  are  supplied  from 
the  5th  pair  exclusively,  and  the  peculiar  sensations  felt 
only  through  them  ;  but  this  observation  is  probably  erro- 
neous f . 

No  observations  have  yet  shewn,  whether  or  not  the 
ganglia,  found  very  generally  throughout  the  animal  king- 
dom, on  the  roots  of  the  nerves  of  common  sensation,  have 
any  necessary  connexion  with  their  sensitive  power.  But 
no  such  arrangement  is  found  in  the  nerves  of  the  special 
senses ;  and  the  sympathetic  nerves,  and  its  ganglia,  give 
but  obscure  indications  of  sensibility  on  irritation.  ^  It  is 
obvious,  from  what  we  see  of  some  of  the  cerebral  nerves, 
that  the  union  of  motor  nerves  in  plexuses  is  by  no  means 
necessary  to  the  power  of  the  will  over  them. 

2.  There  Is  some  difficulty  as  to  the  necessity  of  the  in- 
tervention of  the  Spinal  Cord  in  Sensation  and  Voluntary 
Motion.  It  has  generally  been  observed,  in  experiments  on 
animals,  and  in  cases  of  injury  in  the  human  body,  that 

•  Journal  de  Physiologic,  1824  and  1825. 

f  See  SEiinEs,  Anat.  Comparde  du  Cerveau,  Art.  Nerf  Trijumeau ; 
and  Geoffhoy  St  Hilaiue,  sur  la  Vision  de  la  Taupe;  Revue  MfJdi- 
cale,  torn.  iv.  p.  138. 
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destruction  of  the  spinal  cord,  above  the  origin  of  a  nerve, 
equally  destroys  sensation  and  voluntary  motion  in  the  parts 
supplied  by  that  nerve,  as  section  of  the  nerve  itself;  and 
hence  it  has  been  concluded,  that  some  change  is  neces- 
sarily propagated  upwards,  along  the  nerve  and  spinal  cord, 
to  the  brain,  in  the  case  of  Sensation,  and  downwards  along 
the  spinal  cord  and  nerve,  from  the  brain,  in  the  case  of 
Voluntary  Motion. 

But  it  has  been  observed  by  different  physiologists,  Hal- 
LER,  Whytt,  Legallois,  Mayo,  &c.,  that  even  in  warm- 
blooded animals,  after  the  spinal  cord  has  been  divided, 
certain  movements  of  the  inferior  extremities  haA^e  been 
made  on  irritation  of  the  skin  of  these  parts,  which  appear 
to  indicate  some  remains  both  of  sensation  and  of  voluntary 
power  in  the  parts  thus  severed  from  the  brain  ;  and  in  the 
cold-blooded  animals,  it  is  known  that  the  Nerves  and  Spi- 
nal Cord  generally  suffice  for  giving  some  indications,  both 
of  sense  and  voluntary  motion,  when  separated  from  the 
Bi-ain  and  Cerebellum.  In  the  human  body  one  case  of 
division  of  the  spinal  cord  by  wound,  and  several  of  more 
©r  less  complete  interruption  of  its  continuity  by  disease, 
have  been  recorded,  in  which  absolute  loss  of  sense,  and  of 
voluntary  power,  were  not  observed,  and  were  thought  not 
to  have  occurred  before  death  *. 

Such  cases  have  led  some  physiologists,  at  different  times, 
to  think,  that  the  changes  essential  both  to  sensation  and 
voluntary  motion,  may  be  truly  confined  to  the,  nerves,  and 
only  liable  to  a  noxious  influence,  transmitted  downwards, 
from  injury  or  disease  of  the  Spinal  Cord  or  Brain  ;  which 
noxious  influence,  although  it  very  generally  follows,  may 
not  necessarily  follow,  such  injury  or  disease. 

But  the  following  considerations,  long  ago  urged  on  this 
point  by  Haller  f,  seem  sufficient  to  show  that  the  com- 
mon opinion  of  the  transmission  of  some  change,  through  the 

"  See  Desault,  Journal  de  Chirurgie,  t.  iv. ;  Olliviek  sur  la  Moelle 
Kpiniere;  Velpeau  in  Archives  des  Medecine,  1025. 
f  Eleni.  Phjsiol.  t.  iv.  p.  295,  et  seq. 
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spinal  cord,  upwards  to  the  brain  in  sensation,  and  down- 
wards from  the  brain  in  voluntary  motion,  is  well  founded. 

First,  In  the  common  case  of  loss  of  Sensation  and 
voluntary  power  after  section  of  the  spinal  cord,  the  lower 
segment  of  the  cord,  and  nerves  arising  from  it,  are  still 
perfectly  capable  of  exciting  contraction  of  the  muscles  of 
the  lower  limbs,  when  themselves  physically  irritated; 
which  implies,  that  the  loss  of  voluntary  power,  after  the 
section,  is  not  because  the  nerves  of  the  lower  limbs  cannot 
act  on  the  muscles,  but  because  the  brain,  or  upper  part  of 
the  spinal  cord,  cannot  act  on  the  nerves;  and  therefore, 
that  when  the  communication  is  entire,  the  brain,  or  some- 
thing within  the  cranium,  does  act  on  the  nerves. 

Secondly,  After  division  of  the  spinal  cord,  as  after  am- 
putation of  a  limb,  pains  are  often  felt,  distinctly  referred 
to  the  parts  below  the  section;  which  implies,  that  the 
usual  sensations  of  these  parts  had  been  dependent  on  chan- 
ges extending  at  least  as  high  as  the  section.  Farther,  at 
the  will  of  the  person,  in  such  cases,  the  usual  effort  to 
move  the  limb  is  made,— seems  to  the  persou  to  be  effec- 
tive on  it, — and  is  truly  effective  on  such  muscles,  supplied 
from  above  the  section,  as  used  to  be  associated  with  those 
now  palsied ;  which  implies,  that  the  effort  which  was  wont 
to  be  effectual  on  the  whole  of  these  muscles,  had  been  at- 
tended by  a  change  in  the  parts  of  the  nervous  system 
higher  than  the  section,  which  had  been  transmitted  doAvn- 
wards. 

As  these  statements  apply  to  sections  in  any  part  of  the 
Spinal  Cord,  it  can  hardly  be  doubted  that  the  propagation 
or  transmission  of  a  change  along  the  nervous  matter,  to 
and  from  the  brain,  in  the  ordinary  case  of  Sensation  and 
Voluntary  Motion,  does  take  place;  but  it  does  not  follow 
from  this,  that  no  degree  of  sensation,  or  of  voluntary  action 
consequent  on  sensation,  can  possibly  take  place  when  tbe 
nervous  communication  with  the  brain  is  m  any  manner 
interrupted.  In  some  of  the  lower  animals  (chiefly  cold- 
blooded), there  can  be  no  reasonable  doubt  of  the  possibility 
of  sensation  being  felt,  and  a  certain  degree  of  voluntary 
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motion  being  performed,  in  parts  cut  off"  from  communica- 
tion with  the  brain.  In  most  of  the  cases  of  the  kind  re- 
corded as  having  occurred  in  tlie  human  species,  inaccuracy 
of  observation,  before  or  after  death,  may  be  suspected  ; 
but  it  is  also  possible  that  a  less  degree  of  the  mental  acts 
may  be  connected  with  the  inferior  portions  of  the  spinal 
cord ;  or  that  absolute  continuity  of  nervous  substance  is 
not  essential  to  the  transmission  of  nervous  agency ;  parti- 
cularly as  we  have  reason  to  believe  that  that  agency  can 
affect  blood  within  vessels,  and  as  the  e{Fects  of  section  of 
a  nerve,  when  the  cut  ends  are  laid  in  contact,  have,  in  va- 
rious instances,  appeared  less  injurious  than  the  effects  of 
section,  with  loss  of  substance  *. 

3.  It  is  now  satisfactorily  ascertained,  that  no  part  of  the 
Brain,  higher  than  the  Corpora  Qaadrigemina,  nor  of  the 
Cerebellum,  is  essentially  concerned  in  Sensation.  All  the 
parts  superior  to  this  have  been  frequently  injured,  by  many 
physiologists,  in  warm-blooded  animals;  and  have  been 
wholly  removed,  even  in  warm-blooded  animals,  by  Du 
Verney,  Chirac f.  Lorry:}:  Legallois,  Flourens,  Fo- 
DERA,  and  Magendie  ;  and,  if  the  remaining  nervous  mat- 
ter was  kept  free  from  compression,  all  the  usual  indica- 
tions of  sensation  remained.  Farther,  in  these  cases,  such 
Instinctive  or  Voluntary  efforts  as  were  made,  were  still 
eflFectual  in  exciting  muscular  contractions  of  all  parts  of 
the  body. 

It  appears  from  these  experiments,  that  if  we  regard  the 
spinal  cord  as  reaching  to  the  Corpora  Quadrigemina,  and 
giving  origin  to  all  the  nerves  (see  p.  104.),  we  are  to  at- 
tribute to  it,  and  to  the  nerves  arising  from  it, — but  espe- 
cially to  its  highest  portion,  the  medulla  oblongata,  and 
fibres  extending  thence  to  the  crura  cerebri, — all  the  phy- 
sical conditions  that  are  necessary,  in  order  that  Sensation 
may  be  felt,  and  that  Voluntary  efforts  may  excite  muscu- 
lar contraction  ;  the  mental  stimulus  of  Volition  being  just 

•  Wilson  Puilip,  Philosophical  Transactions,  1822. 
t  Phil.  Trans.  1C97. 

t  Mem.  presentdes  h.  I'Acad.  des  Sciences,  t.  iii. 

I  2 


132  OUTLINES  OF  PHYSIOLOGY. 

on  the  same  footing,  in  regard  to  muscular  contraction,  as 
a  physical  stimulus  applied  to  the  medulla  oblongata.  (See 
p.  111.) 

Accordingly,  instances  have  been  recorded  by  Mr  Law- 
rence *,  and  others,  of  infants  of  the  human  species,  born 
alive,  obviously  capable  of  sensation,  and  of  certain  instinc- 
tive actions,  in  whom  the  nervous  system  terminated  at  the 
Tuber  Annulare. 

It  has  also  been  distinctly  proved  by  experiments  by  Le- 
GALLOis  and  Flourens,  that  two  of  the  sensations  which 
may  be  called  peculiar  and  special,  those  of  the  eye  and  of 
the  lungs,  arc  necessarily  connected  only  with  those  por- 
tions of  the  contents  of  the  cranium  which  lie  close  at  the 
origins  of  their  nerves. 

It  will  appear  afterwards,  with  what  intentions,  as  re- 
gards sensation  and  voluntary  motion,  the  brain  and  cere- 
bellum are  superimposed  on  the  spinal  cord.  It  will  appear 
that  they  are  useful,  not  in  order  that  Sensations  may  be 
felt,  but  that  they  may  be  remembered,  and  availed  of  for 
useful  purposes ;  not  in  order  that  Volitions  may  act  as 
stimuli  on  muscles,  but  that  they  may  act  on  them  at  the 
right  times,  and  in  the  requisite  variety  of  combinations 
and  successions. 

The  facts  now  stated  enable  us  to  understand,  without 
diflSculty,  so  far  as  mere  sensation  and  the  power  over  the 
muscles  are  concerned,  how  it  should  happen  that  some  in- 
juries or  diseases  of  the  brain  proper,  or  cerebellum,  should 
affect  these  functions  materially,  and  others  not  at  all ;  be- 
cause all  injure  these  functions  only  in  so  far  as  they  affect 
the  medulla  oblongata ;  and  it  is  easy  to  understand,  that 
the  effect  of  some  such  diseases  or  injuries  may  extend 
downwards  to  the  medulla  oblongata,  and  that  of  others 
not.  And  this  is  well  illustrated  by  Fodera's  experiments 
on  the  comparative  effects  of  lateral  and  of  vertical  com- 
pression of  the  brain  or  cerebellum  f,  the  former  seldom 

•  Medico-Chirurgical  Trans.  voL  v. 
t  Journal  de  Physiologic,  t.  lii. 
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affecting  the  functions  of  sense  and  voluntary  motion,  and 
the  latter  always  producing  either  convulsion  or  coma. 

V.  It  is  necessary,  before  proceeding  to  the  functions  of 
Respiration  and  Digestion,  to  distinguish  more  accurately 
the  different  kinds  of  mental  acts,  which  operating  through 
the  spinal  cord  and  nerves,  excite  muscular  contraction. 

1.  Voluntary  motions  are  those  which  are  not  only  pre- 
ceded by  a  mental  act,  and  attended  by  a  sensation  that  in- 
forms us  of  their  performance,  but  accompanied  besides  by 
a  conviction,  that  we  may  perform  them  or  not  as  we  please* 
This  conviction  is  the  chax'acteristic  of  that  mental  act 
which  we  call  Volition.  How  this  motion  is  formed,  and 
whether  or  not  it  may  be  deceptive,  we  do  not  now  inquire  ; 
its  existence  is  all  that  concerns  us  at  present. 

2.  There  are  likewise  in  the  healthy  state,  motions  of 
voluntary  muscles  which  are  quite  involuntary,  of  the  per- 
formance of  which  we  are  conscious,  but  which  we  have  no 
direct  power  of  controlling,  and  often  strive  in  vain  to  coun- 
teract or  conceal.  These,  on  examination,  appear  always 
to  be  preceded,  and  we  have  every  reason  to  think  that  they 
are  caused,  either  by  Sensations,  as  in  the  case  of  Sneezing, 
Coughing,  Vomiting,  &c.,  or  by  those  mental  acts  or  affec- 
tions which  we  call  Emotions,  as  in  the  case  of  Laughter 
and  Weeping. 

3.  The  former  class  of  actions  are  divided  into  those 
which  are  more  strictly  Voluntary,  and  those  which  are 
properly  called  Instinctive.  The  distinction  of  these  lies 
in  this  circumstance,  that  in  the  former  case,  we  have  a 
distinct  object  in  view ;  our  actions  are  not  only  prompted 
by  an  act  of  which  we  are  conscious,  but  directed  to  an  end 
which  we  desire  ;  but  in  the  latter  case  our  actions  are  con- 
sequent indeed  on  a  sensation,  but  prompted  by  a  blind  im- 
pulse, the  consequences  that  are  to  follow  from  the  action 
being  either  unknown  or  disregarded  ; -;as  in  gratifying  the 
appetites,  guarding  the  eyes  from  danger  by  closing  the  eye- 
lids, or  the  body  from  falling  by  throwing  forward  the 
hands. 
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The  instinctive  actions  are  closely  connected  with  the 
motions  that  proceed  directly  from  sensations  on  the  one 
hand,  and  with  the  strictly  voluntary  motions  on  the  other. 
In  the  adult  human  being  it  is  hardly  possible  to  distinguish 
them  from  movements  that  have  been  prompted  by  reason, 
and  become  habitual;  but  in  the  infant,  and  in  the  lower 
animals,  they  are  easily  distinguished,  chiefly  by  two  marks, 
1st,  That  they  are  performed  always  in  the  same  way ; 
whereas  actions  that  are  strictly  voluntary  and  prompted 
by  reason,  although  directed  to  the  same  ends,  vary  consi- 
derably in  diffei'ent  individuals.  2dly,  Tliat,  however  com- 
plicated the  movements,  the  truly  instinctive  actions  are 
performed  equally  well  the  first  time  as  the  last;  whei'eas 
even  the  simplest  of  the  strictly  voluntary  movements  re- 
quire Education. 

The  phenomena  and  effects  of  Instinctive  and  Voluntary 
motions  will  require  a  separate  consideration  afterwards  ; 
but  it  was  necessary  here,  as  a  preliminary  to  the  subjects 
of  Respiration  and  Digestion,  to  specify  the  different  modes 
in  which,  through  the  intervention  of  mental  acts,  muscu- 
lar contractions  may  be  excited  in  the  living  body. 

These  two  functions  are  common  to  the  whole  animal 
kingdom,  and  their  purpose  is  to  maintain  the  requisite 
quantity  and  purity  of  the  nutritious  fluid,  which  is  essen- 
tial, as  was  already  stated,  to  the  vital  powers  of  the  mov- 
ing solids,  and  \o  the  vital  action  of  all  other  parts,  and 
especially  of  the  Nervous  System. 

These  purposes  are  fully  accomplished  in  vegetables,  and 
in  the  foetus  i?i  utero,  before  there  are  any  indications  of 
sensation;  anlfl  even  in  the  adult  animal  a  great  part  of  the 
changes,  which  come  under  the  heads  of  Respiration  and 
Digestion,  belong  strictly  to  the  Organic  Life.  But  in  all 
animals  the  reception  of  food  into  the  digestive  organs,  and 
in  all  vertebrated  animals,  and  many  of  the  inferior  orders, 
in  the  adult,  the  reception  of  air  into  the  respiratory  organs 
is  accomplislied,  by  movements  which  are  excited  through 
the  intervention  of  Sensations  and  of  Instincts  or  Volitions ; 
and  therefore  the  commencement  of  the  processes  of  He- 
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spiration  and  Digestion  in  them  belongs  to  the  province  of 
Animal  Life,  and  may  be  shewn  to  be  dependent  on  the 
Nervoi^s  System. 

CHAPTER  IX. 

OF  RESPIRATION. 

The  arterialization  of  the  blood  by  exposure  to  air  is  of 
such  importance  in  the  animal  economy,  that  in  man,  and 
the  animals  the  most  analogous  to  man,  its  interruption 
for  a  few  minutes  is  fatal.  In  comparing  the  different 
classes  of  animals,  especially  the  great  divisions  of  Warm- 
blooded and  Cold-blooded,  and  still  more  remarkably,  in 
comparing  the  different  states  of  those  animals  which  hy- 
bernate,  or  are  subject  to  periodical  torpor,  it  is  observed 
that  the  strength  and  rapidity  of  vital  contractions,  the 
energy  of  the  functions  of  the  Nervous  System,  the  eleva- 
tion of  the  animal  heat,  and,  in  general,  the  intensity  of  all 
the  vital  functions,  are  nearly  in  proportion  to  the  degree 
of  action  that  takes  place  between  their  blood  and  the 
air. 

But  it  is  not  yet  fully  ascertained,  whether  this  action  is 
merely  of  the  nature  of  excretion  from  the  blood,  of  some- 
thing which  would  be  noxious  if  retained,  as  is  the  case 
with  the  discharges  of  bile  and  of  urine ;  or  whether  any 
thing  is  necessarily  added  to  the  blood  from  the  air,  which 
assists  in  qualifying  it  for  its  office  in  the  system  :  and 
therefore  it  is  still  doubtful  whether  the  intensity  of  the 
vital  functions,  that  goes  along  with  the  high  degree  of 
this  action  of  the  atmospliere  on  the  blood,  is  to  be  regard- 
ed as  its  cause  or  its  effect. 

One  chemical  change  on  the  air  is  seen  from  the  action 
of  the  fluids  of  all  living  beings,  viz.  the  disappearance  of 
more  or  less  of  the  oxygen,  which  forms  about  20  per 
cent,  of  its  constitution,  and  the  increase  of  its  carbonic 
acid,  which  forms  less  than  1  per  cent,  of  it ;  and  the 
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volume  of  the  carbonic  acid  added  has  always  appeared  to 
appi'oach,  and  in  many  cases  to  equal,  the  volume  of  oxy- 
gen lost. 

But  in  vegetables,  when  living  and  exposed  to  light, 
another  chemical  change  is  effected  on  the  surrounding  air, 
viz.  the  removal  of  part  of  its  carbonic  acid,  and  the  sub- 
stitution of  oxygen,  or  what  is  usually  called  purification 
of  the  atmosphere. 

It  has  not  yet  been  ascertained,  whether  this  purifying 
influence  of  vegetables  does  or  does  not  exceed  the  satiating 
influence  of  the  exhalation  or  formation  of  carbonic  acid, 
which  is  likewise  seen  in  them ;  but  it  is  certain  that  the 
whole  effect  of  animal  life  on  the  atmosphere  is  vitiating, 
i.  e.  to  cause  addition  of  carbonic  acid  to  it ;  and  other  pro- 
cesses, always  going  on  at  the  earth's  surface,  have  a  simi- 
lar effect;  and  yet  the  whole  quantity  of  carbonic  acid  in 
the  atmosphere  is  not  found  to  increase.  There  must, 
therefore,  be  some  purifying  cause  continually  in  operation 
to  compensate  for  the  continual  vitiation ;  and  we  know  of 
none  acting  on  a  large  scale,  except  the  influence  of  living 
vegetables. 

Farther,  it  appears  certain  that  vegetables  may  grow, 
and  the  quantity  of  carbon  in  them  gradually  increase, 
when  they  are  supplied  with  air  and  water  only,  and  can 
derive  no  supply  of  carbon  from  the  earth  *. 

These  circumstances  render  it  highly  probable  that  liv- 
ing vegetables,  on  the  whole,  decompose  more  of  the  car- 
bonic acid  of  the  atmosphere  than  they  form  ;  and  therefore 
both  purify  the  atmosphere,  and  derive  part  of  their  nour- 
ishment from  it. 

The  facts  which  favour  this  opinion  have  been  ingeni- 
ously and  judiciously  connected  by  M.  Adolphe  Brong- 
NiART  f ,  with  observations  made  on  the  remains  of  organized 
substances  on  tlie  crust  of  the  earth,  which  show  that  an 
extensive  vegetation  must  have  existed,  at  a  time  when 
there  were  few  or  no  animals,  and  that  subsequently  many 

•  Saussuhe,  Ilecherches  Chimiques,  p.  50,  et  seq. 
t  Annates  des  Sciences  Naturelles,  torn.  xv. 
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cold-blooded  animals  inhabited  the  earth  and  sea,  before 
there  were  any  warm-blooded  animals.  If  we  suppose  the 
atmosphere  to  have  contained  originally  a  much  larger 
proportion  of  carbonic  acid  than  now,  it  may  be  inferred 
from  what  has  been  said,  that  it  would  enable  vegetables 
to  grow  before  any  carbonaceous  soil  existed,  and  would 
be  gradually  purified  by  their  growth;  and  the  degree  of 
vitiation  which  would  result  from  the  respiration  of  the 
cold-blooded  animals,  might  probably  be  more  than  com- 
pensated by  the  purifying  influence  of  the  vegetables. 
After  the  purification  had  been  carried  to  a  certain  length, 
the  atmosphere  would  become  fitted  for  the  respiration  of 
warm-blooded  animals,  which  require  a  fuller  supply  of 
oxygen,  and  exhale  carbonic  acid  more  abundantly;  and, 
from  the  time  of  their  creation,  it  would  appear  that  the 
processes  which  purify,  and  those  which  vitiate,  the  atmo- 
sphere, are  pretty  nearly  balanced. 

But  whatever  the  provisions  may  be,  by  which  the 
average  purity  of  the  atmosphere  is  maintained,  notwith- 
standing the  continual  additions  of  carbonic  acid  which  it 
receives  from  the  respiration  of  animals,  the  importance  of 
the  process  to  animal  life  is  illustrated  by  the  adaptation  of 
the  respiratory  organs,  in  different  animals,  to  the  degree, 
and  the  mode  of  action,  of  the  air  on  their  fluids.  This 
adaptation  is  determined  chiefly  by  the  following  condi- 
tions. 

1.  By  the  degree  of  density  or  solidity,  and  complication 
of  the  textures  composing  the  animal.  When  the  struc- 
ture is  simple,  or  the  materials  light  and  porous,  air  is 
admitted  freely  into  all  parts  of  the  animal,  and  no  part  of 
the  body  is  appropriated  to  the  reception  of  air.  This  is 
the  case  in  Zoophyta  and  Insects.  But  where  the  structure 
is  complex,  and  some  of  the  textures  dense  and  impervious 
to  air,  a  separate  respiratory  organ,  and  along  with  it,  as 
before  observed,  a  circulating  system,  are  required. 

2.  Where  these  organs  exist,  their  nature  is  determined 
by  two  conditions, -^rs?,  by  the  amount  of  vital  energy 
which  the  animal  is  to  possess,  and  proportional  amount  of 


138 


OUTIJNES  OF  PHYSIOLOGY. 


action  of  the  air  on  the  blood,  for  which  provision  is  to  be 
made ;  secondly,  by  the  medium  in  which  it  is  to  exist. 
When  it  inhabits  air,  and  is  warm-blooded,  it  breathes  by 
lungs,  and  has  a  double  circulation,  i.  e.  all  its  blood,  after 
completing  the  circulation  through  the  body,  is  sent  to  the 
lungs.  This  is  the  arrangement  in  the  Mammalia  and 
Birds.  When  it  inhabits  air,  and  is  cold-blooded,  it 
breathes  by  lungs,  but  has  a  single  circulation,  i.  e.  sends 
only  part  of  its  blood  to  the  lungs,  and  that  part  is  mixed 
with  what  returns  from  the  rest  of  the  body.  This  is  the 
mode  of  respiration  of  Reptiles.  When  the  animal  is  to 
inhabit  water,  it  acts  on  the  air  contained  in  that  water, 
by  gills  or  analogous  organs.  But  as  this  action  is  neces- 
sarily slight  in  comparison  with  that  which  takes  place  in 
lungs,  the  whole  blood  is  sent  to  the  gills,  and  the  ani- 
mal nevertheless  is  cold-blooded.  This  is  the  mode  of 
Respiration  in  Fishes  and  most  of  the  Mollusca,  the  Crus- 
tacea, &c. 

The  smaller  number  and  larger  size,  of  the  particles  of 
blood  in  cold-blooded  animals,  are  likewise  adapted  to  the 
less  degree  of  action  which  is  to  take  place  between  it  and 
the  air ;  and  various  additional  provisions,  adapted  to  the 
circumstances  of  different  classes  of  animals,  fai'ther  illus- 
trate the  same  principle.  Thus  birds,  in  which  there  is  oc- 
casion for  great  muscular  energy,  and  therefore  for  a  full 
supply  of  air,  have  not  only  lungs,  but  likewise  tubes  which 
admit  the  air  into  contact  with  their  blood,  in  almost  all 
parts  of  their  bodies.  Reptiles,  which  breathe  by  lungs, 
but  are  frequently  under  water,  or  in  very  impure  air, 
have  lungs  prpvided  with  vesicles  of  such  size  as  to  serve 
as  reservoirs  of  air  for  these  occasions.  On  the  other  hand, 
certain  fishes  and  crustaceous  animals,  which  breathe  by 
gills,  but  are  often  for  some  time  in  air,  have  reservoirs  of 
water  for  their  gills  to  act  on  during  the  time  of  their  abode 
in  air  *.  Warm-blooded  animals  which  habitually  dive  in 
water,  seem  to  be  enabled  to  dispense  with  the  inspiration 

■  CuviEE  and  Dtjmeuil,  Rapport  sur  le  Memoire  de  Audocin  et 
MiLME  Edwards,  Annales  des  Sciences  Naturelles,  torn.  xv. 
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of  air,  at  these  times,  by  the  great  quantity  of  their  blood, 
and  by  the  great  size  of  their  large  veins,  permitting  it  to 
accumulate  there,  when,  in  consequence  of  suspended  res- 
piration, it  cannot  freely  penetrate  the  lungs  *. 

In  the  human  body,  the  mechanism  by  which  the  regu- 
lar application  of  the  air  to  the  blood  in  the  lungs  is  se- 
cured, is  well  understood ;  but  there  is  %till  some  difficulty 
as  to  the  precise  nature  of  the  chemical  change ;  and  as  to 
the  mode  in  which  the  cessation  of  that  change  at  the  lungs 
aflfects  the  rest  of  the  system. 

I.  The  first  step  in  the  process  is  a  Sensation  in  the 
breast,  felt  when  the  chest  is  at  rest,  especially  after  expi- 
ration, caused  by  venous  blood  moving  thi'ough  the  lungs, 
amounting  quickly  to  extreme  anxiety  if  not  relieved,  and 
uniformly  prompting  the  complicated  action  of  inspiration, 
by  which  it  is  immediately  appeased.  The  influence  of  the 
sensation,  in  exciting  the  acts  of  respiration,  even  during 
sleep,  and  during  coma,  is  proved  by  the  increased  energy 
and  frequency  of  these  acts,  which  may  be  produced  by 
,  any  means  of  obstructing  the  free  access  of  air  to  the  lungs, 
and  so  augmenting  the  intensity  of  the  sensation  f.  And 
other  Sensations,  particularly  those  caused  by  certain  irri- 
tations of  the  nostrils,  or  by  cold  suddenly  applied  to  the 
face  or  bi'east,  equally  excite  the  act  of  inspiration. 

This  action  being,  in  the  natural  state,  caused  by  a  sensation 
at  the  lungs,  is  necessarily  dependent,  in  the  first  instance, 
on  the  sensitive  nerves  of  the  lungs,  and  especially  on  those 
which  most  directly  communicate  between  the  lungs  and 
the  medulla  oblongata,  viz.  the  eighth  pair.  Accordingly, 
after  section  of  these  nerves,  the  actions  of  Respiration,  al- 
though not  stopped  (probably  on  account  of  the  other  com- 
munications, through  the  sympatlietics  and  spinal  cord, 
which  the  lungs  have  with  the  brain),  are  yet  in  general 
performed  slowly,  and  always  imperfectly  J.    And  the  ex- 

"  Edmon STONE,  in  Phil.  Magazine,  August  1827. 

+  See  Whytt  on  Vital  Motions,  sect.  8. 

$  See  particularly  Bhodie,  Phil.  Trans.  1812. 
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periments  of  Legallois  and  Flourens  have  shewn  une- 
quivocally, that  by  injury  of  the  part  of  the  medulla  ob- 
longata, from  which  these  nerves  originate  (and  of  that 
alone,  of  all  the  contents  of  the  cranium),  all  attempts  at 
inspiration  are  finally  arrested  ;  no  doubt  because  a  final 
stop  is  put  to  the  sensation  which  prompts  them. 

The  objects  of  the  movements  which  the  sensation  excites 
are,  to  enlarge  the  cavity  of  the  chest  in  all  directions,  and 
at  the  same  time  to  hold  open  the  passages  by  which  the 
air  is  to  enter  it. 

The  cavity  of  the  chest  is  capable  of  change  of  dimension 
in  all  directions,  in  consequence  of  the  diaphragm,  which 
forms  its  lower  boundary,  being  itself  a  moveable  and  con- 
tractile part,  and  in  consequence  of  the  ribs,  which  enclose 
the  greater  part  of  it,  being  so  articulated  with  the  spine, 
as  to  be  susceptible  of  motion  upwards  and  downwards. 

The  chest  is  lengthened  in  the  act  of  inspiration,  chiefly 
by  the  contraction  and  descent  of  the  diapliragm,  especially 
of  its  fleshy  lateral  portions,  which,  from  being  convex  to- 
wards the  chest,  are  flattened,  and  slightly  depress  its  cen- 
tral tendinous  part.  It  cannot  pull  down  the  ribs,  because 
they  are  fixed,  at  the  moment,  by  the  contraction  of  the  in- 
tercostal muscles.  But  the  elongation  of  the  chest  is  part- 
ly also  effected  by  the  action  of  those  muscles  of  the  front 
and  sides  of  the  neck,  which  pull  the  highest  ribs  towards 
the  neck  and  head. 

The  chest  is  rendered  broader  and  deeper  in  the  act  of 
inspiration,  by  the  elevation  of  the  ribs ;  because  these  ai*e 
both  curved  outwards,  and  sloped  a  little  downwards ;  and 
therefore,  when  raised  nearer  to  a  right  angle  with  the  spine, 
enclose  a  larger  space  within  the  arches  they  form  trans- 
versely, and  also  project,  and  push  the  sternum  slightly 
forwards. 

The  elevation  of  the  ribs  is  caused  partly  by  the  aetion 
of  the  two  strata  of  intercostal  muscles,  because  the  lower 
ribs  are  more  moveable  than  the  higher,  and  therefore  must 
be  drawn  towards  the  higher,  when  the  whole  of  these  mus- 
cular fibres  contract;  but  the  motion  of  the  ribs,  in  inspira- 
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tion,  especially  when  forcible,  is  assisted  by  the  action  of 
the  diaphragm  forcing  upwards  the  lower  margin  of  the 
chest,  at  least  when  the  abdominal  viscera  oppose  much  re- 
sistance to  its  descent  *  ;  and  also  by  the  combined  action 
of  those  muscles  which  draw  the  scapulae  towards  the  cer- 
vical vertebras  and  head,  and  of  those  which  draw  the  ribs 
towards  the  scapulae. 

The  glottis  is  held  open,  during  inspiration,  by  the  action 
of  the  muscles  connecting  the  arytenoid  to  the  thyroid  and 
cricoid  cartilages.  The  nostrils  are  slightly  expanded,  in 
forcible  inspiration,  by  the  muscles  attached  to  the  alae  of 
the  nose.  The  Velum  Pendulum  Palati  is  raised  and 
stretched  by  its  own  muscles,  when  inspiration  is  made 
chiefly  through  the  moutli ;  and  the  lower  jaw  is  often 
slightly  depressed  by  the  contraction  of  the  muscles  between 
it  and  the  os  hyoides. 

Of  these  muscular  actions,  those  of  the  diaphragm  and 
intercostals  are  probably  all  that  are  employed  in  healthy 
and  easy  respiration;  and  in  various  circumstances,  when 
there  is  an  obstacle  to  the  action  of  one  of  these,  that  of 
the  other  is  found  to  suffice ;  but  when  the  sensation 
prompting  inspiration  is  intense  and  long-continued,  all 
the  other  movements  take  place  simultaneously,  and  with 
perfect  precision,  independently  of  all  experience.  The 
force,  rapidity,  and  frequency  with  which  they  are  per- 
formed, are  all  under  the  command  of  the  will,  and  they 
may  even  be  performed  in  conjunction  or  separately, 
except  when  the  sensation  that  prompts  them  is  unusual- 
ly intense,  in  which  case  it  supersedes  all  efforts  of  the 
will. 

Tfie  movement  of  Inspiration  is  immediately  succeeded 
by  that  of  Expiration,  partly  no  doubt  because  of  the  na- 
tural tendency  of  muscular  contraction  to  alternate  with 

•  See  Maoendie,  Precis  Elementaire.  The  protrusion  of  the  lower 
margin  of  the  chest,  apparently  by  the  action  of  the  diaphragm,  is  very 
obvious  in  the  deformed  chests  of  rickety  children,  when  affected  with 
dyspnoea,  and  seems  to  be  the  cause  of  the  great  depression  of  the  ribs  at 
the  sides  of  the  chest  in  such  childt-en. 
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relaxation,  but  partly  also  because  somewhat  of  the  uneasy 
sensation  in  the  chest  is  felt  when  we  rest  on  an  inspiration, 
and  is  relieved  by  expiration  ;  probably  in  consequence  of 
the  motion  thereby  given  to  the  air  along  the  surface  of 
the  membrane,  where  the  capillaries  carrying  the  venous 
blood  ramify. 

The  act  of  ordinary  expiration  hardly  requires  any  mus- 
cular effort,  but  is  the  natural  effect  of  cessation  of  the  con- 
tractions by  which  inspiration  was  effected.  The  state  of 
the  thorax,  after  an  ordinary  expiration,  is  that  which  is 
determined  by  the  physical  structure  and  properties  of  the 
parts,  and  the  pressure  of  the  atmosphere,  and  has  there- 
fore been  called  the  natural  state  of  the  thorax ;  and  the 
return  to  that  state,  after  the  effort  of  inspiration  is  over, 
is  produced  by  the  elasticity  of  the  parts  concerned, — of 
the  lungs  themselves,  of  the  parietes  of  the  abdomen,  of  the 
cartilages  of  the  ribs,  and  more  especially  of  the  ligaments 
that  connect  the  ribs  to  the  spine. 

But  when  the  sensation  c_aused  by  venous  blood  in  the 
lungs  is  intense, — when  certain  other  sensations  in  the 
trachea  or  bi'onchia?,  or  certain  emotions,  are  felt, — or  when 
a  certain  voluntary  effort  is  made, — the  diaphragm  and 
ribs  are  brought  back  to  their  position,  after  inspiration, 
with  force  and  rapidity ;  and,  by  a  continuance  of  the  same 
action,  the  thorax  is  contracted  within  its  usual  limits. 
This  is  done  by  a  simultaneous  contraction  of  all  the  ab- 
dominal muscles,  which  both  pull  down  the  ribs  and  force 
up  the  abdominal  viscera  against  the  diaphragm ;  and  the 
descent  of  the  ribs  is  farther  aided  by  the  contraction  of 
those  muscles  which  arise  from  the  sacrum  and  vertebrae  of 
the  loins,  and  are  partly  inserted  into  the  lower  ribs. 

The  movements  of  inspiration  and  expiration  take  place, 
in  the  healthy  state,  about  once  for  every  four  pulsations 
of  the  heart,  and  therefoi-e,  on  an  average,  about  eighteen 
times  in  the  minute.  They  are  variously  modified,  both  at 
the  command  of  the  will,  and  in  obedience  to  certain  sen- 
sations and  emotions,  in  the  performance  of  different  com- 
plex movements  to  be  mentioned  afterwards. 
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As  the  chief  agents  in  ordinary  inspiration  are  the  dia- 
phragm and  intercostal  muscles,  so  the  Nerves  chiefly  em- 
ployed in  conveying  the  stimulus  given  by  the  sensation  in 
the  lungs,  must  be  expected  to  be  the  phrenic  (which  arise 
chiefly  from  the  third  and  fourth  cervical  nerves,  and  de- 
scend along  the  fore  part  of  the  chest)  and  the  dorsal  nerves. 
As  the  sterno-mastoid  muscle  assists  in  elevating  the  whole 
chest,  the  trapezius  in  fixing  the  shoulders,  and  the  serra- 
tus  magnus  in  drawing  the  ribs  towards  the  scapulae,  it 
must  be  expected  that  nerves  supplying  these  muscles  will 
be  concerned.  As  the  glottis  is  held  open  by  the  crico- 
arytenoid and  thyro-arytenoid  muscle,  it  must  be  expected 
that  the  recurrent  nerves  of  the  eighth  pair,  which  supply 
these  muscles,  will  be  concerned  ;  and,  as  the  levatores  labii 
superioris  dilate  the  nostrils,  it  must  be  expected  that  some 
of  the  fibres  of  the  portio  dura,  which  supplies  these,  will 
be  concerned.  Accordingly,  it  has  appeared  in  many 
experiments  and  observations  by  Galen  *,  by  Cruick- 
SHANKS  -f-,  by  Legallois,  by  Bell,  by  Magendte,  and 
others,  1.  That  section  of  the  phrenic  nerve  stops  the  ac- 
tions of  the  diaphragm  in  inspiration ;  2.  That  section  of 
the  spinal  cord  in  the  lower  part  of  the  neck  stops  the  ac- 
tions of  the  intercostal  muscles  ;  3.  That  section  of  the  spi- 
nal accessory  nerve  stops  those  of  the  sterno-mastoid  and 
trapezius  ;  4.  That  integrity  of  the  nerve  called  external  res- 
piratory, which  has  similar  origins  to  the  phrenic,  and  sup- 
plies the  serratus  magnus,  enables  the  actions  of  that  mus- 
cle to  go  on,  after  the  spinal  cord  has  been  divided  in  the 
neck;  5.  That  section  of  the  recurrent  nerves,  or  of  the 
par  vagum  above  their  origin,  prevents  the  free  opening  of 
the  glottis  ;  and,  6.  That  section  of  the  portio  dura  prevents 
the  dilatation  of  the  nostrils.  The  necessary  agency  of  cer- 
tain nerves  supplying  the  other  muscles  concerned,  e.g.  the 
scaleni,  lesser  pectoral,  levator  and  circumflexus  palati,  di- 
gastric, and  genio-hyoid,  &c.  may  be  safely  inferred. 

Experiments  on  animals,  and  cases  of  injury  or  disease 

"  See  HAtLEn,  Elem.  t.  ili.  p.  240. 
1 1*'"!'  Trans.  1795. 
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in  the  human  body,  have  also  very  frequently  shown,  that 
division  of  the  dorsal  portion  of  the  spinal  cord  renders  the 
movement  of  expiration  feeble  and  ineffectual  for  many 
purposes  to  wbich  it  is  commonly  applied. 

Both  by  experiments  on  animals,  of  the  class  Mam- 
malia, and  by  cases  of  injury  of  the  human  body,  it  has 
been  ascertained,  that  division  of  the  spinal  cord  above  the 
origin  of  the  phrenic  nerves,  palsies  all  the  respiratory 
movements  of  the  chest,  and  so  causes  sudden  death.  In 
birds,  where  the  muscles  cori'esponding  to  the  diaphragm 
are  of  little  avail,  and  respiration  is  entirely  dependent  on 
motion  of  the  ribs,  destruction  of  the  dorsal  portion  of  the 
spinal  cord  is  fatal  as  quickly,  and  in  the  "feame  way.  In 
fishes,  on  the  other  hand,  where  the  organs  moving  the  gills 
have  all  their  nerves  from  the  medulla  oblongata,  the  inju- 
ry which  palsies  their  respiratory  movements  must  be  as 
high  as  that  part  of  the  nervous  system  *.  But  there  is  no 
injury,  except  that  of  the  origin  of  the  eighth  pair,  which 
instantly,  and  in  all  animals,  palsies  the  whole  combination 
of  respiratory  motions ;  no  doubt  because  there  is  no  other, 
which  puts  an  end  to  the  sensation  which  is  the  common 
cause  of  them  all. 

It  is  supposed  by  Mr  Beli,,  that  the  nervous  fibres,  which 
excite  the  different  respiratory  muscles  in  obedience  to  the 
sensations  of  the  lungs,  are  distinct  from  those  which  move 
the  muscles  in  obedience  to  the  will ;  and  that  they  excite 
and  combine  the  respiratory  movements,  because  they  ori- 
ginate exclusively  in  the  lateral  columns  of  the  spinal  cord, 
from  which  the  great  sentient  nerve  of  the  lungs  (viz. 
the  eighth  pair)  also  arises.  But  the  proof  of  these  points 
is  essentially  defective;  and  it  will  afterwards  appear,  that 
tlie  circumstances  of  two  nerA^es  having  any  such  peculiar 
bond  of  connexion  at  their  root,  if  it  were  proved,  would 
furnisli  no  adequate  explanation  of  their  acting  in  contact 
with,  or  in  obedience  to,  one  another. 

We  do  not,  therefore,  pretend  to  explain  why  the  sensa- 
tion caused  by  the  venous  blood  in  the  lungs,  should  always 

•  Flouhens,  in  Annates  d'Histoire  Naturelle,  t.  xiii. 
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excite  that  extensive  combination  of  muscular  movements 
only,  by  which  it  can  be  appeased ;  but  it  is  obAdous,  as  Mi- 
Bell  observes,  that  in  Man,  as  in  other  animals,  where  the 
provisions  for  the  reception  of  air  are  partly  dependent  on 
the  nervous  system,  the  nerves  and  muscles  employed  for 
this  purpose  are  "  put  under  the  guidance  of  a  Sensibility, 
more  certain  and  more  powerful  in  its  effects  than  the 
Will." 

The  lungs  in  the  living  and  adult  state,  having  air  in 
contact  with  their  inner  surface  only,  are  always  distended 
somewhat  beyond  the  dimensions  which  they  assume  when 
the  pressure  of  the  atmosphere  is  allowed  to  act  on  their 
outer  surface  also,  as  by  puncturing  the  chest.  When  the 
-  chest  is  enlarged,  the  air  which  they  contain  is  rarefied, 
fresh  air  enters  by  the  trachea,  by  reason  of  its  own  gravity 
and  elasticity,  and  the  lungs  are  farther  expanded.  This 
expansion,  when  the  motion  of  the  diaphragm  is  free,  is 
chiefly  in  the  longitudinal  direction ;  so  that  the  lungs  slide 
on  the  pleura  costalis. 

When  the  access  of  air  to  the  interior  of  the  lungs, 
or  of  part  of  the  lungs,  is  prevented  either  by  closure  of  the 
glottis,  obstruction  of  one  of  the  bronchise,  or  occlusion  of 
part  of  the  aii--cells,  although  the  usual  effort  be  made,  the 
movement  of  inspiration  is  wholly  or  partially  prevented  ; 
not  because  the  air  within  the  chest  is  a  cause  of  that  move- 
ment, but  because  the  pressure  of  the  air  without  the  chest 
is  an  effectual  obstacle  to  the  movement,  when  no  air  is  ad- 
mitted into  the  interior  to  counterbalance  it. 

The  passage  of  the  air  through  the  bronchias,  and  into 
the  cells  of  the  lungs,  causes  a  gentle  murmur,  pei'ceptible 
on  applying  the  ear  to  any  part  of  the  chest  where  it  is  go- 
ing on,  but  which  is  not  perceived  when  the  subjacent  por- 
tion of  lungs  is  impervious  to  air;  and  is  easily  altered  by 
disease  either  of  the  substance  of  the  lungs,  or  of  the  bron- 
chia; of  the  part,  especially  by  morbid  efJ'usions. 

The  reasons  which  have  led  several  physiologists  to  think 
that  the  lungs  are  not  merely  passive  in  the  acts  of  Rcspi- 

ic 


146 


OUTIJNES  OF  I'HYSIOr.OGY. 


ration,  are — Is^,  That  after  the  cbest  has  been  fully  opened, 
and  all  motion  of  the  lungs  on  the  principle  of  suction  ne- 
cessarily prevented,  movements  in  them  corresponding  to 
the  respiratory  efforts  have  still  been  seen  in  living  ani- 
mals *.  2dly,  That  the  respiratory  murmur  is  in  some  in- 
dividuals observed  to  be  subject  to  sudden  changes,  for  which 
no  causes  appear  so  probable  as  partial  vital  contractions  of 
the  cells  of  the  lungs,  or  siTiallest  bronchiaa  -f-.  But  if  any 
action  of  this  kind  in  the  lungs  themselves  does  accompany 
the  respiratory  movements  of  the  parietes  of  the  chest,  it 
must  be  to  a  very  small  extent  only,  because  exposure  of 
the  surface  of  the  lungs  to  the  atmosphere  very  speedily 
causes  death  by  suffocation,  i.  e.  by  stopping  the  admission 
of  air  to  the  lungs. 

From  the  experiments  of  Jurine,  Menzies,  Thomson, 
Gordon,  and  others,  it  appears  that  the  ayerage  bulk  of  air 
entering  the  lungs  at  each  ordinary  inspiration  of  a  healthy 
man,  is  about  40  cubic  inches;  and  if  there  be  20  such  in- 
spirations in  a  minute,  this  gives  1,152,000  cubic  inches  of 
air,  or  about  666|  cubic  feet,  drawn  into  the  lungs  in  a 
day.  It  appears  also,  that  not  more  than  one-eighth  part 
of  the  air  contained  in  the  lungs  is  changed  by  each  respi- 
ratory act,  not  less  than  280  cubic  inches  probably  remain- 
ing in  the  lungs  at  the  end  of  each  ordinary  expiration. 

Although  little  of  the  inspired  air  can  pass,  at  each  in- 
spiration, into  the  minute  bronchife,  or  cells  of  the  lungs, 
yet  as  it  is  now  ascertained,  that  gases  placed  in  contact 
mutually  penetrate  each  other  according  to  a  fixed  law  %,  a 
rapid  communication  will-necessarily  take  place  between  the 
contents  of  the  larger  bronchise  and  the  minutest  air-cells; 
and  as  it  appears,  likewise,  that  gases  readily  enter  fluids, 
when  brought  in  contact  with  them,  and  pass  out  of  fluids 

•  Williams  in  Ediu.  Med.  and  Surg.  Journal,  voL  xix.  p.  353. 

t  Laennec,  Traitt?  d' Auscultation,  &c.  torn.  i.  p.  188. 

t  See  Dr  Mitchell  on  the  Penetrativeness  of  Fluids,  in  American 
Journal  of  Medical  Sciences,  vol.  vii. ;  Giiaiiam  on  the  Law  of  the  Diffu- 
sion of  Gases  in  Edin.  Phil.  Trans.  voL  xii. ;  and  Steveks  on  the  Blood, 
p.  72. 
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when  exposed  to  other  gases,  it  is  certain  that,  on  simply  phy- 
sical principles,  much  interchange  of  the  component  parts  of 
the  blood  and  the  air  must  be  expected  at  the  lungs. 

II.  The  results  of  very  numerous  experiments  on  the 
changes  effected  on  the  Air  by  Respiration  may  be  stated 
thus : 

1.  It  appears  from  the  experiments  of  Edwards  and 
othex's,  that  a  slight  and  variable  diminution  of  the  whole 
bulk  of  the  air  in  which  an  animal  breathes,  even  in  ordi- 
nary circumstances,  generally  takes  place.  When  the  air 
becomes  vitiated,  and  the  breathing  difficult,  this  diminu- 
tion is  greater,  probably  because  the  lungs,  in  these  cir- 
cumstances, are  not  completely  emptied.  The  proportion 
of  oxygen  in  air  that  has  been  breathed  is  ascertained,  and 
compared  with  the  ordinary  proportion,  by  different  eudio- 
meters;  and  the  proportion  of  carbonic  acid  by  exposing 
the  air  over  mercury,  in  a  graduated  tube,  to  aqua  potassae, 
which  absorbs  the  acid. 

2.  The  proportion  of  azote,  in  air  that  has  been  breathed, 
has  appeared  in  many  experiments  to  be  the  same  as  in  the 
atmosphere  in  general,  and  therefore  it  has  been  supposed 
that  this  gas  is  neither  absorbed  nor  exhaled  at  the  lungs  ; 
but  Dr  Edwards'  experiments  coinciding  with  those  of  se- 
veral other  physiologists,  have  shewn,  that,  on  some  occa- 
sions, there  is  a  small  increase,  and  on  others,  a  small  di- 
minution, of  the  azote  of  the  air  breathed  *  ;  and  experi- 
ments made  by  Ai-len  and  Pepvs  have  shewn,  that  when 
oxygen,  or  a  mixture  of  oxygen  and  hydrogen,  is  breathed, 
azote  appears  in  the  expired  air;  and  these  points  being 
established,  it  becomes  liighly  probable  that  there  is  always 
a  certain  degree  both  of  exhalation  and  absorption  of 
azote.  In  experinients  made  recently  by  Despretz  and 
by  CoLLARD  DE  Martigny,  a  pretty  uniform  exhalation  of 
azote  was  observed  f .    In  the  respiration  of  fishes,  it  ap- 

"  De  I'Influence  dea  Agens  Physiques  sur  la  Vie,  p.  420,  et  seq. 
t  Journal  de  Physiologie,  torn.  iv.  et'x. 
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pears,  from  the  experiments  of  Humboldt  and  Phoven- 
9AL,  that  there  is,  more  generally,  a  considerable  absorp- 
tion of  azote  *. 

3.  The  proportion  of  carbonic  acid  in  air  that  has  been 
once  breathed,  has  been  found  to  vary  from  3  per  cent,  to 
nearly  10  per  cent. ;  but  in  ordinary  respiration  does  not 
appear  to  exceed  3.5  per  cent.  The  whole  average  quan- 
tity of  carbonic  acid  given  off  in  24  hours,  by  the  respira- 
tion of  an  ordinary  sized  man,  appears  to  be  about  40,000 
cubic  inches,  which  weigh  nearly  3  lb.,  and  contain  about 
11  ounces  of  carbon.  The  quantity  of  water  exhaled  from 
the  lungs  in  24  hours,  has  been  estimated  by  Dr  Thomson 
at  19  ounces,  and  by  Mr  Dalton  at  24  f.  If  these  esti- 
mates be  correct,  as  they  greatly  exceed  the  whole  daily 
loss  of  weight  attributed  to  this  function  (see  p.  97.),  they 
indicate  a  considerable  and  habitual  amount  of  absorption 
at  the  lungs. 

4.  It  appears  from  the  experiments  of  Dr  Prout,  Dr 
Fyfe,  and  Dr  Edwards,  that  the  quantity  of  carbonic  acid 
till  ■own  oif  from  the  lungs  varies  considerably  from  various 
causes,  that  it  is  greatest  about  mid-day,  least  about  mid- 
"^g'ltj  greater  in  middle  ago  than  in  youtli ;  that  it  is  di- 
minished by  fatigue,  by  various  weakening  causes,  and, 
at  least  in  animals  that  do  not  hybernate,  by  external 
warmth. 

5.  Before  the  inquiries  of  Mr  Ellis,  and  of  Allen  and 
Pepys,  the  most  general  result  of  experiments  shewed,  that 
the  volume  of  carbonic  acid  that  appears  in  air  that  has 
been  breathed,  is  in  general  one-fifth  or  one-sixth  less  than 
the  volume  of  oxygen  that  is  found  to  have  disappeared 
from  it  in  the  process  J.  The  experiments  of  these  last 
authors  (chiefly  confined  to  the  human  species)  were 
thought  sufficient  to  pi-ove  that  the  carbonic  acid  of  ex- 
pired air  exactly  equals  in  volume  the  oxygen  that  disap- 

"  Mem.  d'Arcueil,  torn.  ii. 

t  See  BosTOCK's  Physiology,  vol  ii.  p.  IH. 

t  Ellis,  Iiiciuiry  into  the  Changes  induced  on  Atmospheric  Air,  SiC, 
%  122. 


OF  RESPIEATldN. 


149 


pears ;  but  the  numerous  and  more  diversified  experiments 
of  Dr  Edwards  and  of  Dulong  have  again  led  to  the  be- 
lief, that  in  the  ordinary  respiration  of  all  animals,  the  vo- 
lume of  oxygen  consumed  is  greater  than  the  volume  of 
carbonic  acid  that  appears,  although  the  amount  of  the  dif- 
ference is  very  variable  and  often  slight  *. 

It  is  known  that  the  volume  of  any  given  quantity  of 
carbonic  acid,  is  j  ust  the  same  as  that  of  the  oxygen  which 
it  contains ;  and  therefore,  when  it  was  generally  believed, 
that  the  carbonic  acid  of  the  expired  air  exactly  equalled 
in  volume  the  oxygen  that  disappeared,  it  appeared  highly 
probable  that  the  carbonic  acid  is  formed  by  the  union  of 
its  parts  in  the  cells  of  the  lunge,  and  that  the  chief  office 
of  the  lungs  is  simply  to  excrete  carbon,  in  a  state  admit- 
ting of  its  solution  in  the  oxygen  of  the  air.  But  now  that 
it  seems  well  ascertained,  that  more  oxygen  disappears 
than  the  carbonic  acid  that  shews  itself  can  account  for,  it 
becomes  more  probable  that  the  carbonic  acid  is  exhaled,  as 
well  as  the  water,  ready  formed,  and  that  the  oxygen  that 
disappears  is  absorbed  into  the  blood. 

It  is  no  sufficient  objection  to  this  opinion  that  a  mem- 
brane intervenes  between  the  air  and  the  blood  at  the 
lungs,  because,  in  various  other  instances,  absorption  of 
gases  certainly  occurs  in  the  living  body ;  and  besides,  the 
reddening  of  blood,  and  evolution  of  carbonic  acid  from  it, 
take  place  from  the  action  of  air  on  it  out  of  the  body,  and 
through  a  bladder ;  and  although  it  is  true  that  part  of  the 
carbonic  acid  appearing  in  that  case  may  come  from  the 
bladder,  yet  it  has  been  proved,  that  the  quantity  of  carbon 
that  escapes  in  that  experiment  is  greater  than  the  loss  of 
weight  of  the  bladder  f. 

The  opinion,  that  the  carbonic  acid  of  expired  air  comes 
directly  from  the  blood,  and  that  the  oxygen  that  disap- 
pears directly  enters  the  blood,  is  strongly  supported,  not 
only  by  the  inequality  of  volume  -between  the  oxygen  that 

"  Edwards,  p,  410,  et  seq.  and  Journal  de  Physiologie,  I.  iv. 

t  C.  Williams  in  Edinburgh  Medico-Chirurgical  Transactions,  vol.  ii. 
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vanishes,  and  the  carbonic  acid  that  is  eA'olved,  but  also  by 
the  following  facts. 

1.  Experiments  and  observations  by  Dr  Davy  *  and 
others  show,  that  when  mixed  gases  are  confined  over  dif- 
fei-ent  membranes  in  tlie  living  body,  oxygen  disappears 
more  rapidly  than  the  others,  and  in  greater  quantity  than 
the  carbonic  acid  subsequently  found  can  explain. 

2.  In  experiments  by  Coutanceau  and  Nysten  f  it  ap- 
peared, that  carbonic  acid,  in  fully  the  usual  quantity,  may 
be  exhaled  from  the  human  lungs,  when  the  air  taken  into 
the  lungs  is,  as  nearly  as  possible,  pure  azote. 

3.  In  many  experiments  by  Dr  Edwards,  confirming 
more  partial  experiments  of  Spallanzani,  it  appeared  that 
different  animals  which  can  exist  for  various  periods  of 
time  in  pure  hydrogen,  throw  off  from  their  lungs,  when 
confined  in  such  an  atmosphere,  nearly  as  much  carbonic 
acid  as  when  breathing  in  atmospheric  air,  and  more  than 
can  possibly  have  existed  in  a  gaseous  form,  in  their  lungs 
at  the  commencement  of  the  experiments  l-  And  a  simi- 
lar result  was  obtained  by  Collard  de  Martigny,  from 
experiments  on  animals  confined  in  azote  §. 

These  statements  are  nearly  decisive;  yet  there  is  one 
possible  source  of  fallacy  attending  them,  viz.  that  the  car- 
bonic acid  which  appeared  in  them,  instead  of  being  ex- 
haled from  the  blood,  may  have  been  previously  condensed 
in  the  cells  in  the  lungs,  in  the  manner  in  which  various 
gases  are  known  to  become  condensed  in  the  pores  of  char- 
coal And  if  carbonic  acid  exist  at  all  times  in  venous 
blood,  it  is  difficult  to  understand  why  it  should  not  be  at 
any  time  extricated  from  it  by  the  air-pump,  and  why  the 
soda  of  the  serum  should  not  appear  saturated  with  it. 

We  cannot  therefore  decide  with  absolute  certainty  whe- 

•  Philosophical  Transactions,  1S23. 

t  Coutanceau,  Revision  des  Doctrines  Physiologiques,  &c. 

$  De  I'Influence,  &c.  p.  442,  *  seq. 

§  Journal  de  Physiologie,  t.  x. 

H  Ellis,  Farther  Inquiiies,  sect.  Gil. 
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ther  the  carbonic  acid  of  expired  air  comes  directly  from 
the  blood,  or  is  formed  in  the  cells  of  the  lungs;  but  it  ap- 
pears well  ascertained  that  a  part  at  least  of  the  oxygen 
that  disappears  from  the  inspired  air  is  directly  absorbed 
into  the  blood. 

The  venous  blood,  and  chyle,  which  enter  the  lungs  by 
the  pulmonary  artery,  thus  appear  uniformly,  and  in  all 
animals,  to  throw  off  these  binary  compounds  of  oxygen 
with  carbon  and  hydrogen.  The  remaining  constituent 
of  this  compound  fluid,  azote,  must  of  course  exist  in  the 
arterial  blood  which  leaves  the  lungs  by  the  pulmonary 
veins  in  an  increased  proportion,  and  the  elements  are  pro- 
bably better  adapted  for  entering  into  these  quaternary 
combinations  which  exist  in  different  textures.  Accord- 
ingly the  crassamentum  of  the  blood,  and  especially  the 
fibrin  of  the  crassamentum,  are  in  greater  proportion  in 
the  arterial  blood.  These  are  the  most  animalized  of  the 
constituents  of  the  blood,  and  probably  the  seat  of  its  vital 
properties. 

III.  In  order  to  have  a  precise  knowledge  as  to  the  pui'- 
pose  served  by  respiration  in  the  animal  economy,  it  is  ne- 
cessary to  attend  to  the  successive  steps  of  the  process  by 
which  life  is  extinguished, — not  when  an  animal  is  con- 
fined in  a  limited  quantity  of  air,  and  therefore  soon 
breathes  an  atmosphere  loaded  with  carbonic  acid,  which  is 
a  poison,  but  when  the  access  of  air  to  the  lungs  is  in  any 
way  simply  prevented ;  i.  e.  the  process  of  death  by  As- 
phyxia, or  beginning  at  the  lungs. 

The  experiments  of  Bichat,  Brodie,  and  others,  have 
satisfactorily  shewn,  that  a  quantity  of  the  blood  sent  from 
the  right  side  of  the  heart  to  the  lungs,  although  not  ar- 
terialized  there,  passes  on  to  the  left  side  of  the  heart,  and 
is  propelled  into  the  arteries ;  and  that  as  soon  as  this  ve- 
?wus  blood  reaches  the  brain,  the  animal  becomes  insensible,  and 
generally  convulsed  *.     But  the  circulation  of  venous 

•  Bichat,  Ilecherches  Pliysiologiques,  Art.  7. 
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blood  becomes  gi-adually  weaker,  and,  in  warm-blooded 
animals,  ceases  after  a  very  few  minutes ;  not,  however,  as 
BiCHAT  supposed,  because  the  venous  blood  has  penetrated 
the  muscular  substance  of  the  heart,  and  destroyed  its  vital 
power,  but  because  the  venous  blood  has  failed  to  penetrate 
the  substance  of  the  lungs,  aud  is  no  longer  delivered  to  the 
left  side  of  the  heart  in  sufficient  quantity  to  maintain  the 
circulation  *. 

Accordingly,  immediately  after  death  from  this  cause, 
the  blood  is  found  accumulated  in  large  quantity,  not  in 
the  left  side  of  the  heart  and  aorta,  but  in  the  lungs,  right 
side  of  the  heart  and  great  veins,  indicating  that  the  stop 
to  the  circulation  had  been  in  the  lungs.  And  for  some 
minutes  after  the  circulation  has  ceased  in  a  warm-blooded 
animal,  it  is  still  possible  to  restore  it  by  blowing  air  into 
the  lungs,  which  would  not  have  been  the  case  if  the  cause 
of  the  failure  of  circulation  had  lain  at  the  heart  t- 

Venous  blood,  penetrating  the  substance  of  muscles,  ap- 
pears from  the  experiments  of  Dr  Kay,  and  from  some  of 
those  of  Dr  Edwards  |,  to  support  their  irritability  in  some 
degree,  although  less  effectually  than  arterial  blood. 

It  appeai-s  from  these  facts,  that  in  death  by  asphyxia, 
the  deleterious  influence  of  venous  blood  is  exerted  first  on 
the  nervous  system ;  next,  and  most  fatally,  on  the  cir- 
culation in  the  capillaries  of  the  lungs  (as  was  already  re- 
marked, p.  36),  and,  in  a  less  degree  only,  on  the  heart,  or 
other  muscular  parts.  Both  the  animal  and  organic  life 
are  thus  dependent  ou  the  arterialization  of  the  blood, 
which  penetrates  the  textures  concerned  in  them ;  but  the 
dependence  of  animal  life  on  this  process  is  more  imme- 
diate, perhaps  simply  because  the  nervous  system  is  a  more 
delicate  texture,'  and  the  changes  which  take  place  in  it 
more  easily  arrested  by  any  noxious  influence.    The  lungs 

•  See  Kay's  Experiments  on  Asphyxia,  Edinburgh  Medical  and  Sur- 
gical Journal,  vol.  xxix,  pp.  42,  46. 

t  See  lloESLER,  in  Edinburgh  Medical  and  Surgical  Journal,  vol.  xxiii., 
and  Goodwyn's  Answer  to  Bichat,  ditto,  vol.  xxxiv. 

X  De  I'Influence,  &c.  Part.  i.  Chap,  i.,  and  Part.  iv.  Chap.  iv. 
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suflFer  more  than  the  heart,  perhaps  merely  because  every 
part  of  their  structure  is  more  completely  penetrated  by, 
iand  exposed  to  the  influence  of,  the  venous  blood. 

In  these  ways,  venous  blood  admitted  into  the  arterial 
system  is  more  injurious  than  the  simple  failure  of  the  cir- 
culation, as  appears  from  what  is  observed  in  the  human 
body  in  some  cases  of  very  profound  syncope,  but  in  a 
much  greater  degree  in  hybernating  animals ; — where  an 
almost  total  suspension  both  of  circulation  and  respiration 
can  be  borne  with  impunity,  much  longer  than  the  priva- 
tion of  air  can,  when  the  circulation  is  vigoi'ous. 

The  experiments  of  Cruickshanks  *,  Bichat,  Brodie, 
and  others,  show  farther,  that  in  what  is  properly  called 
death  by  Coma,  or  beginning  at  the  brain,  where  the  pri- 
•  mary  change  is  gradually  increasing  insensibility,  the  cir- 
culation survives  the  respiration,  and  comes  to  a  stand  in 
the  same  way  as  now  described,  and  from  the  same  noxious 
influence  of  venous  blood.     This  is  indeed  sufficiently 
proved  by  the  eff"ect  of  artificial  respiration, — often  prac- 
tised on  animals  since  the  time  of  Fontana, — in  maintain- 
ing the  circulation,  long  after  it  would  otherwise  have 
ceased,  when  the  functions  of  the  brain  have  been  suspend- 
ed, or  when  the  head  has  been  cut  ofi^.    But  the  blood  be- 
comes venous  in  the  case  of  death  by  coma,  not  because 
the  air  cannot  enter  the  lungs,  but  because  the  sensation 
which  prompts  to  the  act  of  respiration  is  extinguished,  and 
the  lungs  are  not  expanded  to  receive  it.    In  the  one  case, 
the  sensibility  fails  because  the  blood  has  become  venous ; 
in  the  other,  the  blood  becomes  venous  because  the  sensi- 
bility has  failed.    The  Organic  Life  is  extinguished  in  the 
same  way  in  botb  cases,  viz.  by  the  circulation  of  venous 
blood;  but  the  extinction  of  Animal  Life  is,  in  the  one 
case  the  consequence,  and  in  the  other  the  cause,  of  the 
failure  of  respiration  f. 

In  the  case  of  approaching  death  by  coma,  from  an  in- 

"  Philosophical  Transactions,  1795. 

t  See  BiciiAT,  Recherches,  &c.  Art.  10. 
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jurious  influence  acting  primarily  on  the  nervous  system, 
the  blood  may  therefore  be  arterial ized,  and  kept  in  motion 
for  a  time,  by  artificial  respiration,  after  the  natural  respi- 
ration has  ceased ;  and,  if  the  cause  which  has  extinguished 
sensibility  has  been  only  temporary,  the  organic  life  may 
in  this  way  be  maintained^  until  the  effect  of  that  cause  on 
the  nervous  system,  and  on  the  animal  life,  has  gone  off, 
and  the  natural  mode  of  breathing  been  resumed ;— as  has 
been  shewn  by  the  recovery,  thus  eflfected,  of  animals  un- 
der the  influence  of  narcotic  poisons,  by  Mr  Brodie  *,  and 
in  one  case  of  apparent  death  by  opium,  in  the  human 
body,  by  Mr  Whately  f. 

It  appears  from  the  experiments  of  Mr  Broughton  |, 
that  when  pure  oxygen  is  breathed  so  long  that  the  blood 
is  arterial  even  in  the  veins,  the  nervous  system  is  afiected 
as  by  a  narcotic  poison,  and  death  takes  place  by  coma  in 
the  way  now  described ;  so  that  the  effect  of  an  excess  of 
oxygen  absorbed  into  the  blood,  upon  the  brain,  is  very 
similar  to  that  of  carbonic  acid ;  and  a  certain  dil  ution  of 
oxygen  by  azote  is  necessary  to  qualify  it  for  producing 
that  change  on  the  blood,  which  enables  it  to  maintain  the 
Aatal  action  of  the  nervous  system.  A  standard  degree 
of  purity  is  therefore  as  necessary  a  condition  to  vitali- 
ty, as  a  standard  temperature,  of  the  atmosphere. 


CHAPTER  X. 

OF  ANIMAL  HEAT. 

It  is  evident  that  one  of  the  changes  continually  in  ope- 
ration, in  living  animals,  is  an  evolution  or  disengagement 
of  caloric,  whereby  their  temperature  is  generally  kept 
above  that  of  the  surrounding  media,  and  the  effect  of 

•  Philosophical  Transactions,  1818. 

t  London  Medical  Observations  and  Inquiries,  vol.  vi. 

t  Quarterly  Journal  bf  Science,  April  1830. 
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wliicb  is  much  aided,  in  many  animals,  by  the  nature  of 
their  coverings,  and  by  the  thickness  of  the  adipose  tex- 
ture beneath  them. 

As  the  formation  of  carbonic  acid,  by  union  of  its  con- 
stituents, is  a  process  which  is  attended  with  evolution  of 
heat  in  all  other  circumstances  where  it  occurs,  and  as  the 
ordinary  temperature  of  different  classes  of  animals  appears 
strictly  proportioned  to  the  amount  of  oxygen  which  they 
conyume,  and  of  cai'bonic  acid  which  they  exhale,  it  has 
generally  been  supposed,  since  the  time  of  Dr  Black,  that 
the  union  of  carbon  and  oxygen  to  form  the  carbonic  acid 
of  the  expired  air,  is  at  least  a  great  source  of  the  heat  of 
animals. 

This  is  strongly  supported  by  the  fact,  that  animals  in  a 
state  of  winter  torpor,  or  in  a  state  resembling  that,  when 
theii-  respiration  and  circulation  are  slow  and  feeble,  and 
their  temperature  very  low,  may  be  roused  by  exciting 
sensations,— even  by  the  sudden  application  of  intense 
cold, — and  in  proportion  as  their  respiration  becomes  more 
frequent  and  fuller,  and  their  circulation  stronger,  their 
temperature  rises,  often  by  many  degrees,  while  that  of  the 
surrounding  air  is  unchanged  or  even  lowered  *. 

Farther,  some  of  the  observations  made  on  the  tempera- 
ture of  animals,  in  which  the  circulation  has  been  maintain- 
ed, after  apparent  death,  by  artificial  respiration,  seem  to 
leave  no  room  for  doubt  as  to  the  influence  of  this  cause 
on  animal  heat;  because  they  show  that  when  the  insuffla- 
tion of  cold  air  into  the  lungs  is  not  too  frequently  repeated, 
and  is  successful  in  maintaining  the  circulation,  it  may 
materially  retard,  instead  of  accelerating,  the  cooling  of  the 
animal  -|-. 

But  there  is  a  difficulty  in  understanding  how  a  cause 
which  appears  limited  to  one  organ,  should  produce  the 

•  See  EDWAttDs,  De  I'Influence,  &c.  Part  iv.  Chap.  10. 

t  See  particularly  Experiments  by  Dr  Hastings,  in  Dr  Wilson 
Philip's  Experimental  Enquiry,  p.  223 ;  by  Dr  Hales,  in  London  Medi- 
cal  and  Surgical  Journal,  1814;  and  by  Dr  C.  Williams,  in  Edinburgh 
Medico-Chirurgical  Trans,  vol  ii. 
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elevation  of  temperature  which  is  general  over  the  body . 
For,  although  it  appears  from  the  observations  of  Dr  Davy, 
and  others,  that  the  tempei'ature  of  arterial  blood  in  the 
chest,  is  about  1°  higher  than  that  of  venous;  and  that  the 
temperature  of  the  chest  is  generally  several  degi'ees  higher 
than  that  of  the  extremities ;  yet  this  difference  is  certain- 
ly not  so  great  as  would  be  found,  if  the  only  calorific  change 
were  at  the  lungs,  and  the  rest  of  the  body  were  only  warm- 
ed by  the  superior  temperature  of  the  arterial  blood  flowing 
thence. 

But  it  is  to  be  observed  here, 

1.  That  if,  as  appears  most  probable  from  the  facts  al- 
ready stated,  the  carbonic  acid  that  is  exhaled  from  the  lungs 
is  not  formed  there,  but  chiefly  at  least,  throughout  the 
capillaries  of  the  system,  the  evolution  of  heat  from  this 
source  must  be  expected  to  take  place  generally  over  the 
body,  wherever  the  arterial  blood  becomes  A^enous. 

2.  That  even  although  the  whole  calorific  change  be  at 
the  lungs,  if,  as  Dr  Crawford  endeavoured  to  show,  arterial 
blood  has  a  greater  specific  caloric  than  venous,  the  blood 
which  becomes  arterial  at  the  lungs  will  necessarily  absorb 
the  greater  part  of  the  caloric  evolved  by  the  change  on  the 
air  there,  and  only  set  free  this  caloric  in  the  capillaries  of 
the  system,  where  it  becomes  venous  again.  And  although 
Dr  Davy's  estimate  of  the  difference  of  specific  caloric  in 
arterial  and  venous  blood,  is  much  less  than  Dr  Crawford's, 
yet  even  he  has  assigned  a  higher  specific  caloric  to  arterial 
blood ;  and  no  great  reliance  can  be  placed  on  any  estimate 
of  the  exact  difference. 

But  although  thei-e  appear  sufficient  grounds  for  believ- 
ing, that  the  formation  of  the  carbonic  acid  which  is  exhal- 
ed at  the  lungs,  is  one  essential  element  in  the  process  by 
which  the  heat  of  animals  is  maintained,  yet  it  is  very 
doubtful  whether  this  is  a  sufficient  cause  for  the  whole 
caloric  which  is  evolved  in  their  bodies.  The  experiments 
of  DuLONG  and  of  Despretz,  made  by  enclosing  a  small 
animal  in  a  bojc  placed  in  water,  measuring  and  analyzing 
the  air  which  it  inspired  and  that  which  it  expired,  observ- 
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ing  the  elevation  of  the  temperature  of  the  water  which 
corresponded  to  the  evolution  of  a  given  quantity  of  car- 
bonic acid  from  its  lungs,  and  comparing  this  with  the  esti- 
mate, obtained  in  a  nearly  similar  way  by  Lavoisier,  of 
the  quantity  of  caloric  evolved  by  the  combustion  of  a  given 
quantity  of  carbon, — lead  to  this  result,  that  the  quanti- 
ty of  carbonic  acid  thrown  off  in  a  given  time  from  an 
animal,  is  sufficient  to  account  for  nearly  three-fourths 
of  the  caloric  which  the  animal  evolves  (from  74  to  75  per 
cent.),  but  not  for  the  whole  of  that  caloric  *. 

It  is  highly  probable,  that  several  of  the  chemical  changes 
which  are  wrought  on  the  blood,  during  the  greater  circula- 
tion, are  attended  with  an  evolution  of  caloric  -f- ;  and  that 
the  application  of  oxygen  to  the  blood,  in  respiration,  is 
essential  to  the  animal  heat,  not  simply  by  combining  with 
carbon,  and  so  generating  heat,  but  by  adapting  the  blood 
for  the  maintenance  of  the  various  processes  (partly  chemical 
and  partly  vital),  by  which  it  is  to  be  changed  in  the  living 
body;  and  of  which  one  of  the  results  is,  the  formation  of 
the  carbonic  acid  which  appears  in  the  expired  air. 

The  temperature  of  the  body  is  not  raised  by  voluntarily 
increasing  or  quickening  the  act  of  respiration ;  but  it  is 
raised  by  voluntary  exertions  of  other  muscles,  which  ac- 
celerate the  circulation,  and  so  necessitate  an  increased  fre- 
quency of  respiration  ;  and  this  appears  to  indicate,  that  it 
is  dependent,  not  simply  on  the  application  of  oxygen  to  the 
blood,  but  on  the  changes  which  take  place  during  circula- 
tion, and  to  the  maintenance  of  which,  the  oxygenation  of 
the  blood  is  one  essential  condition. 

The  evolution  of  heat  in  the  animal  body  has  been  found 
in  the  experiments  of  Mr  Brodie  and  others,  .as  well  as  in 
numerous  cases  of  disease  in  the  human  body,  recorded  by  Mr 
Ea  RLE  and  others,  to  be  much  influenced  by  injuries  of  the 
nervous  system,  being  generally  diminished  in  those  animals, 
or  in  those  parts  of  the  human  body,  in  which  the  chief  func- 
tions of  the  nervous  system  have  been  lowered  or  suspended; 
but  in  a  few  cases,  being  increased  in  consequence  of  such 

"  Journal  de  Physiologie,  t.  iii.  &  iv. 
t  See  C.  Will  lAMS,  Edui.  Metlico-Cliirurg.Trans.  vol.  ii. 
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injuries.  But  as  we  know  that  the  circulation,  and  especial- 
ly the  cii'culation  in  the  capillaries,  and  that  secretion  and 
nutrition,  are  easily  and  variously  affected  by  injuries  of 
the  nervous  system,  we  can  readily  understand  this  farther 
influence  of  such  injuries;  without  being  obliged  to  suppose 
that  any  influence  derived  from  the  brain  or  nerves  is  es- 
sential to  animal  heat,  or  that  chemical  principles  are  ina- 
dequate to  explain  it.  Accordingly,  in  numerous  experi- 
ments by  CiiossAT,  it  appeared,  as  a  general  result,  that  the 
injuries  of  the  nervous  system,  which  lower  the  tempera- 
ture of  animals,  ai'e  the  same  which  manifestly  diminish 
the  processes  of  secretion  and  nutrition  *. 

In  Mr  Brodie's  experiments,  after  the  liead  of  an  animal 
was  cut  off,  and  the  circulation  maintained  by  artificial 
respiration,  repeated  at  least  as  frequently  as  the  natural 
breathing  of  the  animal,  the  cooling  of  the  animal  was  ac- 
celerated, although  the  usual  quantity  of  carbonic  was 
thrown  off  for  some  time.  But,  according  to  the  most  pro- 
bable opinion,  already  stated,  as  to  the  source  of  the  carbonic 
acid  of  expired  air,  what  was  thus  thrown  off  had  been 
formed  pi'eviously,  and  the  changes  leading  to  the  formation 
of  fresh  carbonic  acid  were  suppressed  by  the  injury. 

It  is  necessary  to  distinguish  carefully  between  the  power 
of  generating  heat  in  the  animal  body,  and  the  power  of 
bearing  cold.  The  former  appears  to  be  a  chemical  effect 
of  the  changes  which  take  place  on  the  blood  in  the  living 
body,  and  is  directly  proportioned,  so  far  as  observations 
have  gone,  to  the  vigour  with  which  the  Circulation  and 
Respiration,  or  the  analogous  functions  in  lower  animals, 
are  performed.  It  is  greatest  and  most  enduring  at  the  age 
of  greatest  strength,  and  during  winter,  in  those  animals 
which  preserve  their  strength  and  activity  in  that  season, 
— the  velocity  of  their  circulation  and  their  consumption  of 
air  being  at  the  same  time  augmented.  The  latter  appears 
to  be  an  original  endowment  of  the  living  solids,  varying 
in  different  kinds  of  animals,  and  in  different  states  of  the 

•  Memoire  sur  I'Inniience  du  Systeme  Nerveux  sur  la  Clialeui-  Ani- 
male. 
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same  ;  and  is  greatest  in  cold-blooded  animals, — in  animals 
that  hybernate  during  their  state  of  torpor, — and  in  the 
young  of  warm-blooded  animals ;  i.  e.  in  cases  where  the 
circulation  is  languid,  or  easily  depressed  :  it  varies  there- 
fore nearly  in  the  inverse  ratio  of  the  power  of  generating 
heat  *. 

Animals  possess  the  power  of  maintaining  their  own  tem- 
perature, not  only  when  that  of  the  surrounding  air  is 
lower,  but  also  when  it  is  higher  than  themselves ;  and  in 
the  experiments  of  Sir  C.  Blagden,  De  la  Roche,  and 
others,  a  temperature  approaching  to,  or  even  exceeding, 
that  of  boiling  water,  has  been  boi'ne  by  the  human  body, 
for  many  minutes,  without  more  elevation  of  the  tempera- 
ture of  the  skin  than  4°  of  Fahrenheit.  The  experiments 
of  De  la  Roche  and  Berger  f  have  shewn  that  a  lower 
temperature  than  that  of  the  air  is  in  like  manner  main- 
tained by  moist  and  very  porous  substances,  although  not 
endowed  with  life ;  and  again,  that  when  hot  air  is  satu- 
rated with  humidity,  so  as  to  allow  of  no  evaporation,  the 
temperature  of  animals  confined  in  it  is  raised,  and  they 
are  soon  killed.  This  power  of  resisting  the  influence  of 
high  temperatures  seems  therefore  to  be  owing  entirely  to 
the  increase  of  evaporation  from  the  surface,  and  the  cool- 
ing effect  of  that  process. 


CHAPTER  XI. 

OF  DIGESTION. 

The  processes  of  Nutrition  and  of  Excretion,  already  con- 
sidered, manifestly  require,  in  the  human  body  as  in  all 
living  beings,  that  the  nourishing  fluid  should  not  only  be 
regularly  purified  by  exposure  to  air,  but  also  receive  fre- 

•  See  Edwauds,  De  I'Influence,  &c.  Parti.  Chap.  ii. ;  Part  iii.  Chap,  i, 
ii,  iii,  iv ;  and  Part  iv.  Chap.  vii. 

•  Journal  de  Physique,  torn.  Ixiii,  Ixxi,  Ixxvii. 


IQO  '   OUTLINES  OF  PHYSIOLOGY. 

quent  supplies  both  of  solid  and  fluid  materials,  to  compen- 
sate for  the  continual  losses  which  it  undergoes. 

For  the  nourishment,  probably  of  all  animals,  certainly 
of  all  of  the  higher  classes,  and  even  for  the  greater  part 
of  the  nourishment  of  vegetables,  at  least  under  the  present 
constitution  of  the  atmosphere  *,  it  is  necessary  that  much 
of  the  materials  taken  into  the  system  shouhl  have  been 
previously  organized.  As  tlie  life  of  animals  springs  only 
from  the  life  of  others  of  their  own  species,  so  it  is  main- 
tained only  by  the  life  of  other  organized  beings. 

It  is  further  necessary,  probably  in  all  living  beings,  that 
the  nourishment,  received  from  without,  should  be  acted 
on  by  the  fluids  of  the  body  into  which.it  has  been  taken, 
should  be  reduced,  by  their  means,  and  by  water  from  with- 
out, to  a  fluid  form,  and  so  far  assimilated  to  them,  before 
it  is  applied  to  the  purposes  to  which  it  is  destined. 

All  these  objects  are  accomplished  in  vegetables,  and 
perhaps  in  the  lowest  order  of  animals,  without  the  appro- 
priation of  any  particular  organs  to  the  reception  of  unassi- 
milated  nourishment,  and  without  the  aid  of  any  appetites 
or  other  mental  acts.  The  circumstance,  in  the  life  of  ani- 
mals, which  appears  especially  to  require  a  separate  appa- 
ratus for  the  occasional  reception  and  gradual  assimilation 
of  food,  is  their  faculty  of  Locomotion,  which  precludes  the 
possibility  of  the'ir  continual  adaptation  to  the  reception  of 
solids  and  fluids  from  without,  and  makes  it  necessary  that 
they  should  carry  about  with  them,  and  gradually  avail 
themselves  of,  the  materials  by  which  they  are  to  be  nourish- 
ed. This  condition  in  the  economy  of  animals,  therefore, 
imposes  the  necessity  of  the  function  of  Digestion,  as  subsi- 
diary to  that  of  Nutrition  f. 

In  all  animals,  the  first  part  of  the  vital  actions  by  which 
these  objects  are  accomplished,  is  put  under  the  guidance 
of  Sensations ;  but  as  the  solids  and  fluids,  which  are  tlie 
subjects  of  digestion,  are  not  always  within  the  reach  of 
animals,  the  muscular  actions,  bv  which  these  sensations 
are  to  be  appeased,  are  not  made  directly  consequent  on 

•  See  p.  130.  ^  See  CuviEn,  Leyon  16. 
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»'  their  being  felt  (as  is  the  case  with  the  movements  of  res- 
piration), but  are  linked  with  the  sensations  by  the  more 
complex  mental  processes  to  which  we  give  the  names  of 
Appetites  and  Instinctive  propensities.  And  as  it  is  depen- 
dent on  these  different  mental  acts,  so  this  function  differs 
from  all  those  Avhich  we  have  yet  particularly  considered, 
in  this  important  circumstance,  that  wherever  it  exists  it  is 
fitted  and  intended  to  be  a  source  of  enjoyment. 

As  the  materials  on  which  this  function  is  to  be  perform- 
ed are  numerous  and  diversified,  and  the  circumstances  of 
the  animals  that  perform  it  very  diffei'cnt,  so  we  observe 
great  Aarieties,  both  in  the  mental  and  physical  part  of  the 
process,  in  the  different  orders  of  animals.  Without  alter- 
ing the  general  plan  of  the  function,  or  even  the  essential 
parts  of  the  organs  concerned  in  it.  Nature  makes  such  ad- 
ditional provisions,  in  the  instincts  by  which  the  reception 
of  food  is  guided,  and  in  the  organs  by  which  it  is  assimi- 
lated, as  are  suited  to  the  circ,umstances  in  which  each  ani- 
mal is  placed,  to  the  food  on  which  it  is  to  subsist,  and  to 
the  ulterior  purposes  which  it  is  to  serve  in  the  world. 

For  example,  the  agility,  ferocity,  and  predatory  instincts, 
and  the  canine  teeth,  high  zygomatic  arches,  and  strong 
temporal  muscles  of  the  carnivorous  quadrupeds,  with  their 
short  and  simple  alimentary  canals,  fit  them  for  subsisting 
on -prey  which  it  is  difficult  to  procure  and  to  prepare  for 
introduction  into  the  stomach,  but  which  requires  no  great 
chemical  change  to  be  wrought  on  it  there,  that  it  may  be 
assimilated  to  the  animal  textures ;  while  the  quiet  habits, 
the  comparatively  feeble  limbs,  and  large  bodies,  the  rumi- 
nating instinct,  the  deficiency  of  canine  and  incisor  teeth, 
the  complex  stomachs,  and  long  intestines  of  the  rumina- 
ting animals,  fit  them  for  obtaining  the  greatest  quantity  of 
nourishment  from  vegetable  matters,  which  they  can  easily 
procure,  and  easily  reduce  to  the  proper  consistence  for  en- 
tering the  stomach  and  bowels;  but  which  must  necessarily 
undergo  much  change  there,  before  they  can  be  applied  to 
the  nutrition  of  animals.     Again,  the  camel  and  lama, 
which  traverse  the  deserts,  arc  instinctively  led  lo  swallow 
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largo  quantities  of  water" beyond  what  the  purposes  of  their 
digestion  and  nutrition  immediately  require;  and  their  first 
and  second  stomachs  are  provided  with  numerous  cells, 
with  muscular  orifices^  in  which  it  is  securely  stored,  until 
it  is  required  to  assuage  thirst,  or  to  assist  the  assimilation 
of  food.  And  graminivorous  birds,  instead  of  having  heavy 
jaws  and  teeth,  for  the  requisite  comminution  of  their  food, 
ai"e  prompted  by  instinct  to  swallow  gravel,  and  furnished 
with  stomachs  of  extraordinary  muscular  strength,  the 
action  of  which,  aided  by  the  attrition  of  the  gravel,  is 
effectual  for  the  purpose. 

The  mental  powers  and  inclinations,  which  lead  the 
Avhole  human  race  to  practise  the  art  of  cookery,  are  equally 
a  part  of  the  plan  of  Nature,  for  the  management  of  this 
function  in  our  species,  as  any  of  the  instincts  of  animals; 
and  enable  us  to  dispense  with  additional  provisions,  in  the 
structure  of  the  digestive  organs,  which  would  otherwise  be 
necessary  to  secure  the  digestion  of  many  articles  of  our 
diet. 

The  diflferent  actions,  however,  which  immediately  pre- 
cede the  reception  of  food  and  drink  into  the  stomach,  even 
in  our  species,  are  truly  instinctive ;  that  is,  they  are  ex- 
cited by  mental  determinations,  which  are  linked  to  certain 
complex  sensations, — to  a  combination  of  the  simple  feel- 
ings of  hunger  and  thirst,  with  those  which  result  from  the 
sensible  qualities,  especially  the  taste  and  smell,  of  the  ob- 
jects by  which  hunger  and  thirst  are  to  be  allayed ;  and 
although  very  complex,  they  require  no  expei-ience  or  edu- 
cation. 

Hunger  and  Thirst,  in  the  natural  state,  are  sensations 
probably  dependent  on  the  nerves  of  the  stomach  almost 
exclusively  ;  for  although  thirst  is  naturally  referred  to  the 
mouth  and  fauces,  it  has  been  found,  in  cases  where  a  pre- 
ternatural opening  has  been  made  into  the  oesophagus  from 
the  neck,  not  to  be  relieved  by  any  applications  to  the  up- 
per portion  of  the  divided  ajsophagus,  although  quickly  re- 
lieved in  the  nsual  way  by  drink  taken  into  the  stomacli- 
•They  arc  not  destroyed,  but  manifestly  perverted,  by  sec- 
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tion  of  the  eigbth  pair  of  nerves.  Thirst  would  seem  to 
depend  simply  on  want  of  the  usual  moisture  on  the  mu- 
cous membrane,  and  is  relieved  by  Avhatever  is  effectual  in 
restoring  the  natural  condition  as  to  moisture.  Hunger  is 
certainly  not  dependent  on  the  action  of  the  solvent  liquor 
of  the  stomach,  already  effused  on  the  mucous  membrane, 
because  it  is  instantly  destroyed  by  mental  emotions,  which 
cannot  remove  such  a  liquor  ;  and  besides,  we  shall  see 
reason  to  think,  that  the  solvent  liquor  does  not  usually 
exist  in  the  stomach,  at  the  time  when  hunger  is  most  felt. 
It  is  probably  connected  with  a  particular  state  of  the  con- 
traction of  the  muscular  fibres  of  the  stomach ;  but,  ac- 
cording to  the  observations  of  Magendie,  at  the  time  when 
it  is  most  felt,  the  stomach  is  not  strongly  contracted  on 
itself. 

Whatever  be  the  conditions  under  which  the  nerves  of 
the  stomach  become  the  seat  of  these  sensations,  it  is  cer- 
tain that,  in  the  healthy  state,  they  are  a  true  index,  not 
only  to  the  state  of  the  stomach,  but  to  the  immediate  wants 
of  the  system  at  large. 

The  sensations  excited  by  the  smell,  taste,  or  touch  in 
the  mouth,  of  alimentary  substances,  are  naturally  either 
agreeable  or  disagreeable,  especially  when  hunger  or  thirst 
co-exist  with  them  ;  but  these  feelings  are  susceptible  of 
much  alteration  by  custom  and  habit.  These  complex  sen- 
sations, and  accompanying  mental  emotions,  produce  two 
effects, — an  increased  flow  of  the  secretions  of  the  mouth 
and  salivary  glands,— and  certain  definite  instinctive  mus- 
cular contractions ;  and  the  different  varieties  of  these  sen- 
sations prompt  to  corresponding  variations  of  the  muscular 
actions  that  succeed  them.  It  is  because  they  give  occasion 
to  these  instinctive  muscular  contractions,  that  these  sensa- 
tions are  called  Appetites.  These  actions,  however,  are  al- 
ways distinguished  from  those  which  depend  on  sensation 
simply,  by  this  circumstance,  that  they  are  felt  in  ourselves, 
and  inferred  from  observation  in  other  animals,  to  be  com- 
pletely under  the  control  of  the  will,  even  when  the  sensa- 
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tions,  wliicli  ])rom])t  to  tlicm,  are  felt  the  most  keenly. 
Tlierc  is  a  propensity  leading  directly  to  the  performance 
of  a  certain  definite  action,  on  each  of  these  complex  sen- 
sations being  felt ;  but  the  particular  mental  act,  called  a 
Volition,  always  intervenes  between  the  sensation  felt,  and 
the  muscular  action  excited. 

In  this  way,  the  contact  of  liquids  with  the  lips  excites, 
and  the  reception  of  liquids  into  the  mouth  is  much  pro- 
moted by,  the  instinctive  but  complex  act  of  Suction,  in 
which,  by  partially  closing  the  lips,  and  either  moving  the 
tongue  backwards  and  forwards  after  the  manner  of  a  pis- 
ton, or  by  acts  of  inspiration,  or  by  these  two  movements  to- 
gether,— we  cause  the  pressure  of  the  atmosphere  to  urge 
fluids  into  the  mouth. 

The  contact,  especially  of  solid  food,  with  the  interior  of 
the  mouth,  excites  also  the  act  of  Mastication,  performed  by 
alternating  contractions  of  the  muscles,  which  pull  the 
lower  jaw  upwards  towards  the  bones  of  the  head  and  face, 
and  downwards  towards  the  os  hyoides  and  sternum, — the 
jaw  moving  on  its  condyles  as  a  lever  of  the  third  order, 
and  subjecting  the  food  to  the  pressure  of  the  teeth. 

The  increased  flow  of  the  saliva  and  mucus  by  the  mouth 
is  unconnected  with  any  act  of  instinct  or  volition,  which 
never  aff"ects  any  secreting  organs ;  but  results  directly 
from  the  complex  mental  feeling  above  described,  and  may 
be  reproduced  by  the  emotion,  which  forms  a  part  of  that 
feeling,  even  when  that  is  excited  by  recollection,  indepen- 
dently of  any  physical  impression  on  the  parts. 

The  experiments  of  Sir  Charles  Bell  and  Mr  Mayo  are 
quite  satisfactory  as  to  the  dependence  of  the  sensations  of  the 
lips  and  mouth  on  the  ganglionic  portion  of  the  fifth  nerve; 
— as  to  the  dependence  of  the  contractions  of  the  temporal, 
masseter  and  pterygoid  muscles,  which  elevate  and  close  the 
lower  jaw,  on  the  anterior  portion  of  the  fifth,  which  does 
not  pass  through  the  Gasserian  ganglion, — and  as  to  the 
dependence  of  the  motion  of  the  lips  and  tongue  on  the 
portio  dura  and  ninth  nerve.  Tlie  particular  nerves  con- 
cerned in  the  depression  of  the  lower  jaw  by  the/digastric, 
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gcnio-hyoid,  and  mylo-liyoid  muscles,  &c.  have  not  been  bo 
clearly  demonstrated. 

We  can  have  no  doubt,  that  the  increased  flow  of  the  sa- 
liva and  mucus,  consequent  on  the  sensations  and  emotions 
described,  is  effected  through  the  nerves  of  the  salivary 
glands  ajid  mucous  glands  and  membrane ;  and  these  are 
chiefly  the  ganglionic  portion  of  the  fifth,  and  branches  of 
the  eighth  pair  and  sympathetics;  but  the  influence  of 
these  nerves  on  the  secretions  has  not  been  distinctly  elu- 
cidated by  experiment. 

The  food,  comminuted  and  moistened  in  the  mouth  by 
the  means  now  mentioned,  is  prepared  for  the  act  of  Deglu- 
tition, the  first  and  most  complicated  part  of  which  is  also 
guided  by  an  instinctive  impulse.    The  food  is  first  pushed 
back  by  the  tongue,  till  it  arrives  within  the  sphere  of  ac- 
tion of  the  constrictor  muscles  of  the  pharynx;  but  at  the 
same  time  that  it  is  moved  downwards  by  the  successive 
contractions  of  their  fibres,  several  other  movements  take 
place.    1.  The  passage  of  the  fauces  is  narrowed  by  the 
contraction  of  the  Constrictores  Isthmi  Faucium,  in  the  an- 
terior arches  of  the  palate.    2.  The  Velum  Pendulum  Pa- 
lati  is  raised  and  stretched  by  the  Levator  and  Circum- 
flexus  Palati,  so  as  to  direct  the  food  past  the  opening  of 
the  posterior  nares.    3.  The  glottis  is  closed,  partly  by  de- 
pression of  the  epiglottis,  but  chiefly  by  apposition  of 
the  arytenoid  cartilages.    4.  The  larynx,  and  lower  por- 
tions of  the  pharynx,  attached  to  it,  are  drawn  upwards, 
partly  by  the  muscles  connecting  the  larynx  to  the  os  hy- 
oides  and  lower  jaw,  but  more  especially  by  the  lowest  of 
the  constrictors,  and  by  the  Stylo-pharyngeus  and  Palato- 
pharyngeus ;  the  moveable  origin  of  the  latter  muscle  in 
the  velum  pendulum  being  fixed  at  the  time.  By  this  com- 
bination of  movements,  the  food  or  drink  is  rapidly  and 
safely  carried  past  the  openings  to  the  nares  and  lungs,  and 
lodged  on  the  lower  part  of  the  pharynx,  after  which  its  de- 
scent is  slow. 

Great  part  of  this  movement  is  distinctly  voluntary, 
though  prompted  by  instinct  only ;  but  the  actions  of  the 
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constrictor  muscles  of  the  pharynx  in  it  appear  to  be  strict- 
ly dependent  on  the  sensation  caused  by  the  matter  to  be 
swallowed,  when  it  touches  the  mucous  membrane  of  the 
pharynx,  because  they  cannot  be  correctly  imitated  by  any 
voluntary  effort,  when  there  is  no  substance  to  be  swal- 
lowed. The  ninth  and  glosso-pharyngeus  nerves  are  no 
doubt  much  concerned  in  this  action,  but  the  precise 
office  of  each  nerve  in  these  parts  has  not  been  ascer- 
tained. 

In  passing  from  the  Pharynx  to  the  CEsophagus,  the  food 
comes  within  the  field  of  Organic  Life,  and  its  subsequent 
moA'ements  are  neither  excited  by  the  will,  nor  attended  by 
the  consciousness  of  the  individual.  The  essential  parts  of 
the  whole  canal  through  which  it  now  passes,  are  the  mu- 
cous membrane  on  which  it  moves,  and  the  muscular  coat, 
provided  both  with  longitudinal  and  circular  fibres,  by 
which  it  is  propelled,  but  which  is  much  thicker  and 
stronger  in  the  oesophagus  than  in  the  stomach  or  in- 
testines ;  and  to  these,  in  the  abdomen,  the  serous  coat  is 
added. 

The  muscular  action  propelling  the  food  is  of  the  same 
general  description  in  all  parts  of  the  canal, — each  portion 
of  the  canal  contracting  as  the  food  distends  it,  and  conti- 
nuing contracted  until  the  portion  next  in  advance  has 
contracted  also ;  but  the  rapidity  of  the  motion  is  very  va- 
rious in  different  parts,  and  at  different  times.  The  lower 
part  of  the  oesophagus  exhibits,  when  exposed,  continued 
gentle  movements  of  contraction  and  relaxation,  (perhaps 
the  effects  of  sensation),  dependent  on  the  eighth  pair  ot 
nerves,  which  form  a  plexus  about  the  part,  and  ceasing 
on  the  division  of  these  nerves  *  ;  on  which  account,  after 
that  operation,  part  of  the  food  taken  ascends  to  the  jjharynx. 
In  a  slighter  degree,  a  similar  movement  in  the  stomach  ap- 
pears also  to  be  determined  by  these  nerves  f.    But  no 

•  Magendie,  rrecis,  &c. 

t  BnEscHET  ami  Edwards  in  Arch,  de  Med  1825,  and  Tiede.maNN 
and  Gmelin,  llecherches  siir  la  Digestion,  sect.  iii.  p.  374. 
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such  effect  results  from  division  of  any  nerves  on  the  pe- 
ristaltic movements  of  the  intestines. 

When  the  stomach  receives  the  food,  its  great  left  sac  is 
chiefly  distended,  its  surfaces  rounded,  and  its  great  arch 
thrown  forward ;  and  in  this  position  it  retains  the  food  for 
a  time,  which  is  very  various  in  different  cases,  letting  suc- 
cessive portions  escape  by  the  pylorus,  after  they  have  un- 
dergone certain  changes  ;  which  do  not  begin  immediately 
after  it  is  taken,  and  are  not  completed  until  several  hours 
after  an  ordinary  meal.  The  chief  obstacle  to  the  passage 
of  undigested  materials  from  the  stomach,  is  the  contrac- 
tion of  the  circular  fibres  at  the  pylorus ;  and  for  this  we 
can  assign  no  cause  but  a  peculiarity  of  the  irritability  of 
these  fibres. 

The  sensations  which  prompted  the  reception  of  food 
and  drink  abate  after  they  are  received  into  the  stomach, 
but  not  simply  in  consequence  of  its  distention ;  probably 
rather  in  consequence  of  the  increase  and  alteration  of  the 
secretion  of  the  stomach  thereby  effected.  They  are  more 
easily  appeased  by  a  small  quantity  of  nutritious  food,  or 
of  slightly  stimulating  drink,  than  by  larger  quantities  of 
other  matters.  Different  and  more  grateful  sensations 
succeed  them,  which  are  certainly  dependent  on  the  eighth 
pair  of  nerves ;  because,  when  these  are  cut  in  the  neck, 
the  animal  is  not  aware  of  the  condition  of  his  stomach, 
and  continues  to  eat  after  that  is  distended  with  undisest- 
ed  food.  The  sensations  which  accompany  and  succeed 
the  reception  of  food  into  the  stomach,  prompt  to  no  mus- 
cular action,  but  are  probably  of  importance  in  exciting  the 
secretion  of  the  stomach. 

The  materials  on  which  the  function  of  Digestion,  in  the 
human  stomach,  may  be  performed,  are  the  chief  proxi- 
mate principles  of  animal  and  vegetable  substances,— Fi- 
brin, Albumen,  Gelatin,  Osmazome,  &c.,  the  vegetable 
Gluten,  Starch,  Gum,  Extractive  matter.  Sugar,  and  ani- 
mal or  vegetable  Oil.  In  regard  to  these  the  following 
facts  demand  attention. 

1.  Tlicy  answer  for  the  purpose  of  Digcfjtion  best,  when 
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in  a  medium  state  of  aggregation  and  density ;  liaidencd 
or  dried  food,  solid  albumen  in  any  form,  vegetables  not 
softened  by  boiling,  are  acted  on  with  difficulty  in  the  sto- 
mach ;  and,  on  the  other  hand,  very  soft  or  liquid  aliments 
seem  to  give  hut  little  stimulus  to  the  digestive  process. 
Of  the  different  proximate  principles,  Oil  is  perliaps,  in  any 
form  in  which  it  can  be  taken,  the  most  difficult  of  diges- 
tion. 

2.  It  has  been  fully  ascertained  by  Magendie,  Leuret 
and  Lassaigne,  and  others,  that  a  certain  variety  of  arti- 
cles, whether  of  vegetable  or  animal  food,  is  necessary  in 
various  animals,  on  which  expei  iments  were  made,  in  or- 
der that  the  due  action  of  the  stomach  on  them  may  take 
place,  and  that  they  may  be  effectual  for  the  nourishment 
of  the  body  ;  the  animals  that  were  fed  on  single  chemical 
principles  only  becoming  almost  uniformly,  after  a  time, 
unable  to  digest  sufficient  quantities  of  these  for  the  sup- 
port of  life.  The  importance  of  the  art  of  Cookery  to  tlie 
human  species,  no  doubt,  consists  in  its  fulfilling  these 
necessary  conditions  as  to  the  consistence  and  the  mixture 
of  aliments. 

3.  According  to  Dr  Prout,  all  the  articles  of  food  which 
are  used  by  the  human  species  may  be  arranged,  accord- 
ing to  their  chemical  relations,  under  three  heads,  the 
Saccharine,  the  Albuminous,  and  the  Oily;  the  first  of 
which  consists  of  carbon  in  different  proportions  (from  30 
to  50  per  cent.)  chemically  combined  with  water ;  the  two 
last  of  compound  bases  also  united  with  water ;  the  car- 
bon in  some  of  the  oils  is  nearly  80  per  cent.,  and  its  pro- 
portion therefore  varies,  in  tjie  different  aliments,  from  30 
to  80  per  cent.  The  prototypes  of  these  three  classes  of 
aliment  exist  in  the  milk ;  and  of  these  three  he  thinks 
that  a  mixture  of  two  at  least  must  be  taken,  either  toge- 
ther or  soon  after  one  another,  to  answer  the  purposes  of 
Digestion  and  Nutrition. 

4.  There  is  much  variety  in  individuals  as  to  the  kind  of 
food  that  is  found  easy  or  difficult  of  digestion ;  and  by  re- 
petition and  habit,  those  kinds  which  arc  at  first  unsuit- 
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able,  are  very  often  found  ultimately  to  become  easy  of 
digestion  and  nutritious.  This  is  perliaps  sufficiently  ex- 
plained by  the  connexion  of  the  process  with  the  sensations 
of  the  stomach,  and  by  the  general  principle  of  the  influence 
of  habit  on  sensation. 

When  sucli  food  as  is  suitable  for  digestion  has  been  re- 
ceived into  the  stomach  of  a  warm-blooded  animal,  and  is 
retaine<l  there  in  the  usual  way,  the  mucous  membrane 
becomes  more  vascular  than  before,  its  villi  prominent,  and 
its  cryptaa  or  minute  cells  appear  full  of  their  secreted 
fluid;  and  this  increased  flow  of  the  secretion  of  the  sto- 
mach is  manifestly  promoted  in  the  first  instance  by  rest. 

When  the  stomach  is  examined  two  or  three  hours  after 
food  has  been  freely  taken,  the  portion  of  the  alimentary 
mass  which  lies  outermost,  or  next  the  mucous  membrane, 
is  found  most  altered,  and  the  central  part  least  altered ; 
but  towards  the  pylorus  the  alteration  of  the  whole  con- 
tents is  more  uniform  ;  apparently  because  the  portions  of 
food  that  have  been  acted  on  by  the  fluid  at  the  surface  of 
the  mucous  membrane,  all  round  the  stomach,  pass  gra- 
dually on  to  the  pylorus,  while  fresh  portions  from  the  in- 
terior of  the  mass  take  their  place  on  its  exterior  ;  and  after 
being  subjected  to  the  same  change,  are  pushed  forwards 
in  theii"  turn  *. 

The  change  that  is  wrought  on  the  food  during  this  pro- 
cess is  its  conversion,  more  or  less  complete,  into  the  homo- 
geneous, greyish,  pultaceous  matter  called  Chyme. 

It  is  satisfactorily  ascertained  by  numerous  experiments, 
of  MoNTEGRE,  Prout,  Magendie,  Tiedemann  and 
Gmelin,  Leuret  and  Lassaigne,  and  others,  made  on  a 
variety  of  animals,  using  very  difi^erent  kinds  of  food,  that 
this  chyme,  in  the  healthy  state,  is  uniformly,  though 
slightly,  acid. 

Farther,  the  following  facts  leave  no  room  for  doubt, 
that  the  acidity,  found  in  the  healthy  state,  does  not  depend 
on  fermentation  of  the  alimentary  matters ;  and  make  it  at 

•  Wilson  Philip,  Experimental  IiKiuiry,  ch.  vii.  sect.  i. 
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least  liighly  probable,  that  it  depends  on  the  nature  of  the 
secretion  of  the  stomach  itself. 

1.  The  chyme  is  acid  from  the  commencement  of  its 
formation,  i.  e.  long  before  the  same  substances,  kept  at 
the  same  temperature,  can  have  run  into  acetous  fermenta- 
tion. 

2.  The  secretions  of  the  living  stomach,  so  far  from  pro- 
moting, at  least  the  putrefactive  fermentation,  are  decidedly 
antiseptic. 

3.  The  acid  found  in  the  chyme  is,  for  the  most  pai't 
indeed,  the  lactic,  i.  e.  a  modification  of  the  acetous ;  but 
in  part  also  it  is  the  muriatic,  which  of  course  cannot  be 
generated  by  'fermentation  *. 

4.  Tlie  presence  of  the  same  acids  in  the  stomach  is  de- 
termined, not  only  by  the  reception  of  food,  but  by  the 
excitation  given  by  grains  of  pepper,  or  even  by  particles  of 
sand  "f*. 

In  fasting  animals,  it  appears  that  this  acid  liquor  is 
seldom  found  in  the  stomach,  but  its  formation  appears 
always  to  be  excited,  in  the  healthy  state,  by  the  presence 
of  food  in  the  stomach ;  and  even  its  quantity  to  be  great- 
er, in  proportion  as  that  food  is  more  difficult  of  diges- 
tion, if  within  the  limits  of  the  natural  food  of  the  ani- 
mal J. 

This  enables  us  to  understand,  that  the  fluid  taken  from 
the  stomach  of  fasting  animals  should  often  have  been 
found,  as  in  the  expei'iments  of  Montegre,  ineffectual  in 
producing  an  artificial  digestion,  i.  e.  solution  of  the  food, 
and  formation  of  chyme,  when  mixed  with  alimentary 
matters  at  the  temperature  of  the  body ;  and  yet  that  in 
many  experiments  of  Reaumub,  Spallanzani,  Stevens, 
Leuuet  and  Lassaigne,  &c.,  alimentary  ijiatters  intro- 
duced into  the  stomach  in  perforated  balls  or  tubes,  should 

•  Prout,  Pliilosopliical  Transactions,  1824,  and  Annals  of  PhUosophy, 
vol.  xii. ;  TiEDEMANN  and  Gmelin,  Reclierches  sur  la  Digestion, 
t  TiEDEMANN  and  Gmei.in,  Reclierches,  &c.  sect.  ii.  ji.  \r,\. 
X  Ibid.  sect.  ill.  p.  335. 
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Lave  undergone  digestion,  evidently  from  the  action  of  a 
fluid  in  the  stomach  ;  and  that  in  those  of  Tiedemann  and 
Gmelin,  the  acid  chyme  itself,  beginning  to  form  in  the 
stomachs  of  animals  recently  fed,  should  have  been  found 
effectual  for  the  artificial  digestion,  out  of  the  body,  of 
fresli  aliments  *. 

The  solvent  power  of  the  acid  liquor  formed  in  the  sto- 
mach after  the  reception  of  food,  is  most  clearly  demon- 
strated by  its  having  dissolved  portions  of  the  stomach  it- 
self after  death,  in  various  cases,  both  in  the  human  species 
and  in  animals,  where  death  has  taken  place  suddenly 
during  the  act  of  digestion.  But  it  is  seldom,  and  perhaps 
never  without  disease  of  the  secretion  at  the'  stomach,  that 
any  such  solvent  power  is  found  to  have  been  exerted 
where  death  has  taken  place  during  fasting  -f-. 

Some  part  of  the  aliment  always  passes  the  pylorus 
along  with  the  chyme,  unchanged ;  and  according  to  the 
observations  of  Londe  made  on  the  human  body,  in 
cases  of  artificial  anus,  animal  food  is  longest  retained  and 
most  altered  in  the  stomach,  and  vegetable  food  passes  out 
of  the  stomach  more  rapidly,  and  less  changed,  and  pro- 
bably undergoes  more  change  in  the  intestines. 

The  chyme  in  the  stomach  appears  to  contain  little  or 
no  matter  having  exactly  the  chemical  properties  of  albu- 
men, (unless  albumen  has  formed  part  of  the  food  taken), 
and  therefore  shews  little  approximation  to  the  chemical 
nature  of  the  blood  f .  But,  according  to  the  microscopi- 
cal observations  of  Leuket  and  Lassaigne,  it  would  seem 
to  contain  a  number  of  globules,  resembling  those  of  the 
blood,  and  having  the  same  tendency  to  arrange  themselves 

•  Recherches,  &c.  sect.  iii.  Exp.  30  and  31. 

t  See  Carswell  on  the  Digestion  of  the  Coats  of  the  Stomach  after 
Death,  in  Edinburgh  Medical  and  Surgical  Journal,  October  1830  ;  and 
Gaiudker  on  Perforation  of  the  Stomach,  in  Edinburgh  Medico-Chkurgi- 
cal  Transactions,  vol.  i. 

J  Archives  de  Medecine,  torn.  x. 

H  See  Frout,  in  Annals  of  Philosopliy,  1819  ;  and  Tiedemann  and 
Gmelin,  llecherches,  &c.  sect.  iii.  p.  344  and  388. 
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into  fibres.  And  in  the  stomaclis  and  intestines  of  the 
cold-blooded  animals,  these  and  other  authors  have  de- 
scribed a  number  of  globular  bodies,  which  were  thought  to 
have  a  power  of  spontaneous  motion,  resembling  animal- 
cules *. 

The  passage  of  the  chyme  out  of  the  stomach  does  not 
take  place  uninterruptedly,  but  by  successive  series  of  peri- 
staltic movements  along  the  stomach  and  duodenum,  each 
of  which  is  preceded  by  a  series  of  slighter  movements  in 
the  opposite  direction  f . 

After  passing  the  pylorus,  and  mixing  with  the  Bile  and 
Pancreatic  Juice,  which  slowly  distil  into  the  duodenum, 
and  with  the  Mucus  of  the  Intestines,  the  Chyme  and  un- 
dissolved aliments  gradually  separate  into  the  Chyle,  which 
is  absorbed  into  thelacteals,  and  the  Feculent  matter,  which 
passes  on  to  the  lai'ge  intestines;  and  the  more  watery  por- 
tions of  the  chyme  seem  to  be  absorbed  away  from  the  rest 
chiefly  by  the  A^eins,  both  of  the  stomach  and  intestines. 

The  peculiar  matter  of  the  bile  appears  manifestly  to 
connect  itself  with  such  substances  as  have  passed  un- 
changed from  the  stomach,  and  to  become  part  of  the  fe- 
ces and  is  no  doubt  useful,  by  stimulating  both  the  mu- 
cous secretion  and  the  peristaltic  movements  of  the  intes- 
tines. The  free  alkali  of  the  bile  and  perhaps  of  the  mucus- 
unites  with  the  acids  of  the  chyme,  and  also  with  any  oil 
which  the  chyme  may  contain  ;  and  it  is  probably  in  part 
from  this  cause  that  the  acidity  of  the  contents  of  the  canal 
gradually  disappears  in  the  small  intestines  §.  The  white 
colour  often  s^en  in  part  of  the  contents  of  the  intestines, 
as  well  as  in  the  lacteals,  appears  to  rise  chiefly  from  oily 
articles  of  food  uniting  themselves  with  the  alkali  ||. 

It  appears,  on  comparing  the  experiments  of  Mr  Brodie, 
Mr  Mayo,  Magendie,  Leuret  and  Lassaigne,  and  Tiede- 

"  Recherches  pour  servir  d  THistoire  de  la  Digestion, 
t  Maoendie,  Precis.  +  See  p.  89. 

§  PnouT,  TiEDEMANN  and  Gmelin. 
II  TiEDEMANN  and  Gmehn,  Maoendie. 
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MANN  and  Gmelin,  that  after  the  biliary  ducts  are  tied  in 
animals,  a  matter,  possessing  the  chief  properties,  though 
not  the  usual  white  colour,  of  chyle,  may  be  formed,  and 
digestion  go  on  to  a  certain  degree ;  but  cases  of  jaundice, 
without  organic  disease,  in  the  human  body,  seem  suffi- 
ciently to  indicate,  that  digestion  in  these  circumstances  is 
imperfect. 

As  the  Pancreatic  Juice  contains  much  albumen,  and 
as  it  is  found  most  abundantly  in  herbivorous  animals, 
which  have  no  albumen  in  tlrelr  food,  it  is  thought  pro- 
bable that  a  greater  portion  of  it,  than  of  the  bile,  goes  to 
the  formation  of  the  chyle.  It  is  certain,  from  the  experi- 
ments of  Dr  Prout,  that  albumen  is  found  in  larger  pro- 
portion, and  more  distinctly  formed,  in  the  fluid  of  the 
small  intestines,  diu'ing  digestion,  than  in  the  stomach;  that 
it  is  found  still  more  distinctly,  and  in  larger  proportion,  in 
the  lacteals  and  thoracic  duct ;  and  that  it  is  not  found  at 
all  in  the  larger  intestines.  The  organic  globules  desci'ibed 
by  Leuret  and  Lassaigne,  and  which  are  probably  com- 
posed chiefly  of  albumen,  or  animal  matter  closely  resem- 
bling it,  were  also  seen  much  more  abundantly  in  the  con- 
tents of  the  small  intestines  than  of  the  stomach. 

The  chyle,  which  is  found  in  the  lacteal  vessels,  certainly 
contains  very  numerous  globules,  similar  to  those  in  the 
blood,  but  of  a  white  or  grey  colour;  and  the  formation  of 
these  globules  is  probably  the  main  object  of  the  whole 
process  of  digestion.  After  passing  through  the  mesente- 
ric glands,  and  in  the  thoracic  duct,  i.e.  when  it  must  have 
been  mixed  with  the  contents  of  lymphatic  vessels,  and 
probably  with  some  of  the  contents  of  arteries  *,  the  albu- 
minous contents  of  the  chyle  are  more  distinct;  it  contains 
a  little  fibri  n,  and  coagulates  on  exposure  to  air,  after  the 
manner  of  blood,  although  less  firmly;  and  is  now  slightly 
alkaline  f.  Its  composition,  in  the  thoracic  duct  of  a  dog, 
fed  on  animal  food,  is  thus  stated  by  Dr  Prout  : 


•  See  p.  61.  t  TiEDEMANN  and  Gmelin,  sect.  iii.  p.  385v 
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Water,  80.2 

Fibrin,      .....  .0 

Incipient  Albumen,  .  .  .4.7 

Perfect  Albumen,  .  .  .  4.G 

Salts,         .....  .7 

100. 

The  proportion  of  animal  matter  in  the  chyle  from  vege- 
table food  is  less. 

According  to  Tiedemann  and  Gmelin,  the  acidity  of 
the  mixed  fluids  of  the  intestines,  which  disappears  in  the 
course  of  the  Ileum,  re-appears  in  the  Caecum ;  and  as  there 
is  necessarily  a  considerable  delay  in  the  passage  of  the 
contents  of  the  bowels  at  this  point,  particularly  in  herbi- 
vorous animals,  in  whicli  the  caecum  is  in  general  more  de- 
A'^eloped  than  in  man,  it  is  probable  that  some  fresh  chyme 
is  formed  here,  and  partly  converted  into  chyle  as  it  passes 
along,  and  is  absorbed  from,  the  great  intestines. 

From  the  experiments  of  Magendie  and  Chevreul,  it 
appears  that  oxygen  and  azote  exist  in  the  stomacb  during 
digestion ;  but  that,  in  the  lower  intestines,  the  oxygen  is 
found  to  have  wholly,  and  the  azote  partly,  disappeared, — 
and  that  they  are  replaced  by  carbonic  acid,  hydrogen,  and 
carburetted  hydrogen,  with  sometimes  a  little  sulphuretted 
hydrogen.  ^ 

It  is  still  doubtful  whether  these  gases  have  been  in  part 
secreted  by  the  intestines;  but  it  seems  beyond  doubt,  that 
part  of  those  which  exist  in  the  stomach  must  be  absorbed 
in  the  bowels. 

As  the  Chyle  is  mixed  with  the  blood  just  before  its  en- 
trance into  the  lungs,  and  is  never  recognised  in  blood  that 
has  passed  through  the  lungs,  it  appears  highly  probable 
that  a  change  takes  place  on  it  there,  which  completes  its 
assimilation  ;  and  as  nourishment  of  animal  textures,  of 
which  azote  is  a  constituent,  may  be  effected  without  the 
use  of  any  food  known  to  contain  azote,  and  as  wc  have 
seen  the  possibility  both  of  absorption  and  exhalation  of 
azote  at  the  lungs,  and  that  fishes,  which  have  less  access 
to  air  than  terrestrial  animals,  habitually  absorb  a  quantity 
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of  the  azote  of  the  air  they  breathe, — it  has  been  naturally 
coujectiired,  that  the  addition  of  azote  from  the  atmosphere 
to  the  blood  at  the  lungs,  is  a  part  of  the  process  of  assimi- 
lation there  ;  but  no  satisfactory  evidence  of  such  an  action 
at  the  lungs  has  been  obtained. 

The  examination  of  the  course  of  the  lacteals,  in  all  the 
vertebrated  animals,  and  the  experiments  of  Dupuytren 
and  others,  in  which  ligature  of  the  thoracic  duct  (where 
that  was  single),  was  followed  by  rapid  emaciation  and 
death,  leave  no  room  for  doubt  that  the  main  course  of  the 
chyle  absorbed  from  the  intestines,  is  through  the  Thoracic 
Duct  to  the  Subclavian  Vein.  But  on  the  other  hand,  that 
some  admixture  of  the  contents  of  the  lacteals  with  those 
of  the  bloodvessels  takes  place  in  the  mesenteric  glands, 
appears  probable, — from  the  structure  of  these  glands,  foi'- 
merly  described, — from  the  change  observed  in  the  chyle 
by  TiEDEMANN  and  Gmelin,  after  it  has  passed  through 
these  glands, — from  streaks  of  white  matter,  resembling 
chyle,  having  been  observed,  particularly  by  the  same  phy- 
siologists, in  the  lai'ger  mesenteric  veins, — and  from  the  re- 
sult of  two  experiments  of  Leuuet  and  Lassaigne,  in  one 
of  which  a  dog  recovered  after  ligature  of  the  thoracic  duct, 
and  no  auxiliary  duct  could  be  discovered ;  and  in  the  other, 
after  ligature  of  the  vena  portse,  blood  was  found  in  the 
Receptaculum  Chyli,  and  lower  part  of  the  thoracic  duct. 

It  is  at  all  events  nearly  certain  that,  during  digestion, 
there  must  be  a  great  increase  in  the  quantity  of  fluid  pass- 
ing from  the  mesenteric  veins  into  the  vena  portae  and  liveiv 
for  two  reasons,  1 .  Because,  in  the  distended  and  excited 
state  of  the  stomach  and  intestines,  the  quantity  of  blood 
entering  these  veins  from  the  arteries  is  much  increased. 
2.  Because  much,  of  the  thinner  fluids  at  least,  received 
into  the  stomach,  is  absorbed  by  these  veins. 

But  the  branches  of  the  vena  portaj,  within  the  substance 
of  the  liver,  cannot  be  much  distended ;  and  therefore  it  is 
to  be  expected  tliat,  during  digestion,  either  the  contents  of 
the  gastric  and  mesenteric  veins,  leading  to  the  liver,  will 
stagnate  and  distend  these  veins,  or  else,  if  their  blood 
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makes  its  way  readily  through  the  vena  portse  and  liver, 
that  other  branches  of  the  vena  portaj  must  suffer  disten- 
tion in  their  stead. 

Now,  there  is  no  evidence  of  any  great  distention  of  the 
gastric  and  mesenteric  veins  themselves  during  digestion  ; 
but  it  appears  from  the  observations  of  Bicha'J",  Sir  E. 
Home,  Leuuet  and  Lassaigne,  and  others,  that  the  spleen 
becomes  obviously  engorged  with  blood  during  that  process, 
or  even  after  copious  draughts  of  liquids. 

These  considerations  have  induced  Leu  ret  and  Las- 
saigne to  think,  that  the  chief  use  of  the  Spleen  (which  is 
known  not  to  be  of  essential  importance  in  the  animal  eco- 
nomy, as  animals  bear  its  extirpation  without  much  incon- 
venience, but  which  is  obviously  an  appendage  to  the  sto- 
mach, intestines,  and  liver),  is  to  suffer  venous  congestion, 
instead  of  the  bowels  themselves,  during  digestion,  and 
thereby  to  allow  the  venous  circulation  through  the  liver  to 
be  equable  and  uniform,  notwithstanding  that  the  source 
whence  the  venous  blood  comes  thicker  is  liable  to  so  great 
variation.  And  the  very  vascular  and  distensible  structure 
of  the  spleen,  the  great  size  of  the  vein  leading  from  it  to 
the  liver,  and  the  correspondence  of  its  diseases  to  those  of 
the  liver,  may  be  stated  as  farther  evidence  in  favour  of  this 
hypothesis. 

It  is  important  to  be  aware,  that  the  time  in  which  the 
pi'ocess  of  Digestion  is  completed,  and  probably  the  amount 
of  nourishment  procured  by  it  from  a  given  quantity  of 
food,  vary  considerably  in  individuals  in  perfect  health. 

We  must  not  suppose  that  we  understand  the  whole 
change  which  is  wrought  on  the  food  taken  into  the  sto- 
mach, when  we  have  stated  its  chemical  changes,  and  its 
course,  up  to  the  time  when  it  is  finally  mixed  with,  and 
assimilated  to,  the  blood.  As  we  found  that  the  blood 
possesses  truly  Vital  properties,  so  we  can  have  no  doubt 
that,  during  the  process  of  digestion,  these  properties  are 
communicated  to  a  part  of  the  nourishment  taken,  probably 
to  that  part  of  it  which  takes  the  form  globules. 

The  process  of  Digestion  is  much  influenced  by  mental 
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Emotions  and  Sensations ;  but  no  part  of  it  is  influenced 
by  any  Voluntaiy  efforts  of  mind,  from  the  time  that  the 
food  enters  the  oesophagus,  until  its  residue,  unfit  for 
assimilation,  along  with  the  biliary  matter,  and  some  part 
of  the  other  secretions  of  the  alimentary  canal,  arrives  at 
the  rectum. 

The  rectum  is  closed  by  the  permanent  tonic  contrac- 
tion of  the  sphincter  ani,  which  is  strictly  a  voluntary 
muscle,  and  the  relaxation  of  the  usual  contracted  state  of 
which  is  within  the  power 'of  the  mind. 

Wlien  the  sphincter  is  voluntai'ily  relaxed,  the  peristaltic 
movements  of  the  rectum,  excited  by  its  distention,  suffice, 
in  general,  for  the  expulsion  of  the  ffeces. 

The  sensations  which  the  feculent  matter  here  excite, 
are  more  distinct  than  those  excited  by  it  in  the  higher 
parts  of  the  canal.  When  felt  more  distinctly  than  usual, 
they  give  occasion,  in  the  first  instance,  to  an  effort  which 
is  truly  instinctive,  by  which  the  sphincter  ani  is  forcibly 
closed,  and  their  escape  prevented ;  but  when  these  sensa- 
tions become  intense,  they  excite,  more  directly,  a  contrac- 
tion which  is  quite  involuntary,  of  different  and  distant 
voluntary  muscles, — viz,  of  the  diaphragm,  which  descends 
as  in  inspiration, — of  the  arytenoid  muscles,  which  close 
the  glottis  and  keep  the  chest  distended, — and  of  the  ab- 
dominal muscles,  which,  acting  against  the  contracted 
diaphragm  and  distended  chest,  forcibly  compress  the  vis- 
cera, and  aid  the  peristaltic  movements  of  the  rectum  in 
expelling  the  faeces. 

The  influence  of  the  sensation  of  the  rectum  in  pro- 
ducing this  movement  is  well  seen  in  the  tenesmus  which 
results  from  the  increased  sensibility  of  the  mucous  mem- 
brane of  this  part  when  inflamed,  although  little  or  nothing 
be  passing  along  it. 

The  discharge  of  urine  from  the  bladder  is  in  like  man- 
ner prevented,  in  general,  by  the  tonic  contraction  of  the 
levatores-ani  muscles,  and  of  those  called  acceleratorcs 
urinse,  and  muscle  of  Wilson,  (probably 'much  more  than 
of  any  of  the  fibres  of  its  own  muscular  coat,  which  is 
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strictly  involuntary),  and  at  times  more  forcibly  restrained 
by  voluntary  contractions  of  these  muscles,  wbicli  compress 
the  origin  and  first  part  of  the  urethra.  The  bladder  is 
emptied,  in  ordinary  circumstances,  simply  by  voluntary 
relaxation  of  these,  giving  effect  to  the  contraction  of  its 
own  muscular  coat,  which  is  caused  by  the  distention  and 
ii-ritation  of  its  mucous  membrane ;  but  when  the  sensa- 
tion resulting  from  distention  of  the  bladder  is  intense,  or 
when  the  sensibility  of  its  mucous  membrane  is  much  in- 
creased, or  the  discharge  of  the  urine  difficult,  the  same 
simultaneous  action  of  distant  muscles  is  excited,  as  in  the 
case  of  the  rectum,  to  secure  the  forcible  evacuation  of  the 
bladder. 

When  the  function  of  Digestion  is  suspended  by  the 
denial  of  aliment,  but  thirst  is  allayed  by  drinking  water, 
the  consequences  are,  gradually  increasing  emaciation  and 
debility;  a  sense  of  faintness  takes  the  place  of  hunger;  all 
the  functions  are  performed  sloAvly  and  imperfectly;  the 
tunica  conjunctiva  of  the  ej'es  becomes  inflamed  (probably 
from  the  deficiency  of  secretion,  and  consequent  action  of 
the  air  on  the  membrane),  and  death  takes  place  very  gra- 
dually, at  very  different  times  after  the  last  food  was  taken; 
but,  in  the  human  species,  sometimes  not  until  after  forty 
days  or  more.  Much  longer  fasting  has  no  doubt  been 
borne  in  some  cases,  chiefly  by  persons  in  whom  the  vital 
functions  had  been  previously  languid;  but  the  moral  evi- 
dence of  many  reported  cases  of  the  kind  is  doubtful. 
After  death  the  most  remarkable  appearances,  besides  the 
mere  wasting  and  deficiency  of  blood  in  the  vessels,  are, 
the  distention  of  the  gall-bladder  by  bile  (the  flow  of  wliich 
is  neither  solicited,  as  in  the  natural  state,  by  irritation  of  the 
mouth  of  the  ductus  communis  choledochns,  nor  promoted 
by  the  distention  of  the  stomach) ;  the  contracted  state  of 
the  stomach  and  bowels  ;  and  frequently  marks  of  inflam- 
mation in  their  mucous  membrane  ;  probably  the  effect  of 
deficient  secretion  on  that  membrane,  and  consequent  irri- 
tation by  their  contents. 
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The  eflFect  of  total  abstinence  both  from  food  and  drink 
is  to  produce  febrile  excitement,  perhaps  a  more  active  in- 
flammation of  mucous  membranes,  and  subsequently  a 
more  rapid  depression  of  strength,  and  death  in  less  than 
half  the  time  above  stated. 


CHAPTER  XII. 

OF  THE  EXTERNAL  SENSES. 

Having  completed  the  view  of  those  functions  which 
are  concerned  in  the  preservation  of  the  organized  frame, 
we  proceed  to  a  more  detailed  account  of  the  strictly 
Animal  Functions,  which  are  .connected  with  the  Ner- 
vous System  in  the  living  body,  and  are  manifestly 
the  object  of  Nature  in  the  construction  of  the  animal 
machine. 

The  general  conditions  requisite  for  all  the  Sensations, 
viz.  the  circulation  of  arterial  blood  in  the  parts  concerned, 
the  presence  of  certain  nervous  filaments,  and  integrity  of 
these  up  to  the  base  of  the  brain,  have  been  already  sta- 
ted. Some  farther  condition  in  the  state  of  the  Nervous 
System  is  certainly  necessary,  although  it  has  not  been 
detected ;  for  cases  frequently  occur  where,  notwithstand- 
ing the  presence  of  all  those  mentioned,  the  nerves  of  sense 
are  unfit  for  their  office. 

The  word  Sensation  is  properly  restricted  to  that  kind 
of  change  in  the  state  of  the  mind  which  immediately  fol- 
lows, and  informs  us  of,  an  impression  on  any  of  the  organs 
of  sense.  A  little  attention  to  what  passes  rapidly  in  the 
mind  on  these  occasions,  enables  us  to  recognise  the  im  ■ 
portant  distinction  drawn  by  Dr  Reid  and  others,  between 
this  change,  in  which  the  mind  is  truly  passive^  and  the 
judgment  wc  are  immediately  led  to  form  of  the  external 
existence,  and  the  notion  we  arc  often  led  to  form  of  the 
nature  of  the  cause  of  the  feeling  which  we  experience ; 
i.  e.  of  the  quality  of  some  external  object  which  it  imme- 
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diately  suggests  to  us,  and  of  which,  through  it,  we  have 
the  Perception. 

Various  other  mental  acts,  such  as  the  Consciousness  of 
our  own  existence,  the  recollection  of  past  sensations,  and 
belief  in  our  own  identity,  the  general  notion  of  Time, 
connect  themselves,  even  with  some  of  the  simplest  acts  of 
sensation.  And  as  almost  all  sensations  are  either  plea- 
sant or  painful,  and  many  very  fruitful  sources  of  pleasure, 
they  constitute  a  very  important  source  of  enjoyment,  and 
motive  to  action.  But  at  present  we  leave  out  of  view  all 
these  ulterior  consequences  of  sensations,  and  confine  our- 
selves to  the  enumeration  of  the  different  sensations  them- 
selves ; — to  a  statement  of  the  particular  conditions  under 
Avhich  the  Nervous  System  is  Impressed  in  the  case  of 
each ; — and  to  a  short  analysis  of  the  inferences  immediate- 
ly drawn  by  the  mind,  touching  the  properties  of  external 
things,  which  are  thus  made  known  to  it,  or  perceived  by 
it.  Some  of  these  inferences  are  natural  or  intuitive,  and 
others  acquired ;  but  the  line  of  distinction  between  these 
classes  of  perceptions  is  not  easily  drawn. 

In  the  lower  animals,  the  mental  acts  excited  by  Sensa- 
tion are  much  less  numerous  and  diversified  than  in  man ; 
but  the  sensations  themselves  are  often  more  acute ;  the 
pleasure  immediately  attending  them  probably  equally  in- 
tense; and  certain  immediate  inferences  from  them,  or  Per- 
ceptions of  the  qualities  of  objects,  more  rapidly  formed,  so 
that  the  exercise  of  their  senses  requires  less  education. 

A  distinction  was  drawn  by  Dr  Gordon  *  between  Sim- 
ple Sensations  and  Sensations  of  Emotion ;  the  latter  term 
being  applied  to  certain  feelings,  exactly  resembling  those 
whicli  may  be  produced  by  external  agents,  distinctly  re- 
ferred to  individual  parts  of  the  body,  and  often  attended 
with  obvious  physical  changes  there ;  which  cannot  be 
traced  to  the  influence  of  any  external  agents,  but  distinct- 
ly follow  the  excitation  of  certain  mental  emotions.  This 
distinction  is  important,  but  the  term  Sensations  of  Emo- 
tion is  not  sufficiently  comprehensive  to  include  till  those 
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Mental  Feelings,  exactly  similar  to  Sensations,  which  may 
proceed  from  interii?S  causes  only,  independently  of  any 
impression  from  without  on  the  organs  of  sense. 

Simple  Sensations  are  not  so  easily  arranged  into  classes 
and  genera  as  has  been  represented.  Among  the  Higher 
or  Special  Sensations,,  felt  only  in  consequence  of  impres- 
sions on  individual  organs,  we  should  reckon  not  only  those 
of  Sight,  Hearing,  Taste  and  Smell,  but  also  Hunger, 
Thirst,  and  the  peculiar  sensations  of  Anxiety  at  the  lungs, 
already  considered,  and  perhaps  Nausea  and  Faintness  ;  and 
the  term  Common  Sensation  should  include  not  only  what 
is  commonly  called  Touch,  but  likewise  the  feelings  of  Heat 
and  Cold,  Pain,  Itching  ;  and  another  important  class,  which 
have  been  called  Muscular  Sensations,  by  which  we  are  in- 
formed of  the  situation  and  extent  of  any  muscular  contrac- 
tions which  we  voluntarily  excite. 

The  indi^'idual  sensations,  referred  to  some  of  these 
genera,  differ  only  in  degree ;  but  those  referred  to  others 
have  a  manifest  and  original  difference  in  kind — as  Colours, 
Visible  and  Tangible  Figures,  Smells,  &c.  The  individual 
sensations  referred  to  the  heads  of  Common  Sensation, 
Sight,  and  Hearing,  have  differences  according  to  the  posi- 
tion of  the  objects  causing  them  ;  those  belonging  to  Taste 
and  Smell  hardly  differ  in  that  respect.  Those  only  which 
belong  to  Common  Sensation  and  to  Sight  differ  according 
to  the  magnitude  or  size  of  the  objects  that  excite  them. 

It  is  a  general  and  important  fact  in  regard  to  all  sensa- 
tions, that  their  intensity  is  very  much  influenced  by  Habit ; 
they  are  felt  strongly  at  first ;  and  by  continuance  or  repe- 
tition, at  short  intervals,  the  degree  in  which  they  are  felt, 
and  the  portion  of  attention  which  they  occupy,  gradually 
diminish  ;  and  the  emotions  of  pleasure  or  aversion  wliich 
they  occasion  arc  not  only  blunted,  but  sometimes  actually 
exchanged  for  one  another.  Impressions  on  the  organs  of 
Taste  and  Smell,  which  arc  at  first  unpleasant  to  most 
persons  (e.  g.  those  caused  by  tobacco  or  spirits),  be- 
come gradually  tolerable— then  agreeable,— the  want  of 
them  is  felt  as  a  painful  privation,— and  their  cause  must 
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be  applied  in  a  gradually  increasing  degree,  in  order  to  pro- 
duce the  wonted  effect.  On  the  other  hand,  those  causes 
which  at  first  excite  the  most  pleasing  sensations,  are  suc- 
cessively followed  by  feelings  of  indifference,  of  satiety,  and 
ultimately  of  disgust  or  avei'sion,  if  merely  kept  constantly 
before  the  organs  of  sense.  In  this  respect  there  is  a  strik- 
ing  analogy  between  sensations  and  muscular  contractions. 
A  sunilar  law,  as  we  shall  afterwards  find,  applies  to  the 
action  of  poisonous  or  medicinal  substances,  which  likewise 
affect  strongly  the  nervous  system,  but  without  distinctly 
exciting  sensation. 

In  considering  in  detail  the  different  sensations,  and  the 
information  they  communicate,  we  treat  first. 

Of  Common  Sensation. 

The  physical  conditions  requisite  for  the  sensations  of 
this  class,  are  merely  those  general  conditions  relative  to  the 
nervous  system,  which  have  been  already  stated,  and  the 
healthy  state  of  the  organization  of  the  textures  in  which 
it  resides. 

The  simplest  form  of  common  sensation  is  that  to  which 
the  name  of  Touch  is  commonly  given,  which  results  from 
the  mere  apposition  of  any  external  substance  on  most  pai'ts 
of  the  body.  These  parts,  from  tlieir  susceptibility  of  sen- 
sation from  that  cause,  are  said  to  be  endowed  with  Com- 
mon Sensibility  ;  and,  from  mechanical  irritation  carried  to 
a  certain  length,  they  are  affected  with  Pain.  It  appears 
from  the  elaborate  experimental  inquiries  of  Haller,  that 
thei'e  are  many  textures  in  which  this  sensibility  in  the  na- 
tural state  is  slight.  Most  of  these  ai-e  textures  which  have 
slight  vascularity,  particularly  bones,  cartilages,  tendons, 
ligaments,  fibrous  membranes,  even  cellular  and  serous 
membrane.  All  these  textures  are,  however,  the  scat  of 
acute  sensation  in  certain  circumstances,  e.  g.  the  tendons 
and  ligaments,  when  forcibly  stretched,  and  the  fibrous  and 
serous  membranes,  when  their  vascularity  is  increased,  par- 
ticularly by  inflammation. 
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The  internal  parts  of  the  solid  viscera  appear  to  have 
less  sensibility  than  their  membranous  coverings;  and  the 
greater  part  of  tlie  brain,  and  the  nerves  of  the  special  sen- 
ses, seem  nearly  destitute  of  common  sensation  *. 

The  parts  which  are  absolutely  insensible  {i.  e.  all  sen- 
sations commonly  referred  to  which  are  really  seated  in 
the  adjoining  textures),  are  those  which  are  not  vascular, 
the  cuticle,  nails,  hairs,  and  bony  substance  of  the  teeth. 

The  parts  in  which  common  sensibility  is  the  best  marked, 
and  employed  for  the  most  useful  purposes,  are  the  skin 
and  the  mucous  membranes ;  and  especially  the  very  Avas- 
cular and  nervous  papillse  on  the  fingers  and  on  the  tongue. 
The  sensibility  of  the  skin  is  blunted,  as  its  other  vital 
functions  are  restrained,  by  the  intervention  of  the  cuticle ; 
that  of  all  these  membi'anes  is  manifestly  increased  by  any 
increase  in  the  flow  of  blood,  and  diminished  by  such  causes 
as  check  the  afBux^of  blood  to  them,  e.  g.  by  cold ;  that  of 
the  mucous  membranes  has  the  peculiarity  of  being  appa- 
rently much  less  exalted  by  the  state  of  inflammation  than 
that  of  other  membranes ;  perhaps  because  the  capillary 
vessels  of  the  mucous  membranes,  when  distended  by  in- 
flammation, are  less  compressed  by  adjoining  firm  textures 
than  those  of  other  membranes. 

The  sensation  of  Pain  varies  considerably,  according  to 
the  diff"erent  textures  and  parts  of  the  body  where  it  is  ex- 
cited. In  many  cases,  its  excitation  may  be  referred,  both 
in  the  healthy  and  diseased  state,  to  the  principle  of  me- 
chanical pressure  or  irritation  acting  on  sensitive  nerves  in 
one  way  or  another :  but  there  are  other  cases  where  the 
mode  of  its  excitation  is  quite  unknown.  As  residing  in 
some  parts,  it  is  blended  with  the  feelings  of  nausea  and 
faintness,  as  from  violent  injury  or  disease  of  the  abdomi- 
nal viscera;  and  the  effects  which  may  be  traced  to  this 
combination  are  of  great  importance  in  pathology. 

The  sensations  of  Heat  and  Cold  are  felt  chiefly  in  tlie 
skin,  distinctly  in  the  mucous  membrane  of  the  alimentary 
canal,  but  hardly  at  all  in  that  of  the  air-passages,  in  the 
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lun^,  or  other  viscera.  Whether  they  are  dependent  on 
peculiar  nervous  filaments  is  still  doubtful. 

These  sensations  are  remarkably  dependent  on  the  state  of 
the  capillary  circulation  on  the  surface,  and  more  rapidly  al- 
tered by  changes  in  that  respect  than  the  actual  temperature 
is.  In  consequence  of  the  operation  of  causes  which  excite  or 
strengthen  the  cutaneous  circulation,  cold  is  often  little  felt, 
when  the  temperature  of  the  air  in  contact  with  the  body 
is  very  low ;  and  in  consequence  of  the  operation  of  causes 
weakening  that  circulation,  it  is  often  much  felt  when  the 
temperature  is  moderate.  These  sensations  are  likewise 
peculiarly  influenced  by  liabit,  and  therefore  dependent 
on  the  state  of  the  temperature  applied  previously  to  the 
change  which  excites  them ;  and  farther,  they  are  some- 
times felt  in  consequence,  not  only  of  internal  causes  al- 
tering the  state  of  the  circulation  on  the  surface,  but  of  in- 
ternal causes  acting  probably  on  the  nervous  system  only, 
and  unattended  with  any  such  pei'ceptible  efl^ects.  It  is  of 
great  importance  to  keep  in  mind  these  difi'ereut  causes, 
independent  of  the  actual  state  of  the  temperature,  which 
influence  the  production  of  the  sensations  of  heat  and  cold, 
when  we  speculate  on  the  efficacy  of  these  agents  either  in 
producing  or  counteracting  disease. 

The  different  sensations  which  we  refer  more  strictly  to 
the  head  of  Touch,  using  that  term  as  applied  to  feelings 
in  which  the  mind  is  merely  a  passive  recipient  of  impres- 
sions from  without,  belong  only  to  two  heads.  Extension 
and  Resistance ;  and  by  these  we  are  informed,  in  some  de- 
gree, of  the  magnitude,  and  of  the  hardness  or  softness, 
roughness  or  Smoothness,  &c.  of  objects. 

There  are  differences,  also,  in'the  sensations  of  Touch, 
corresponding  to  the  figure,  and  more  especially  to  the  po- 
sition, on  the  sensitive  surface  of  the  body,  of  the  objects 
perceived  by  this  sense  ;  but  it  seems  to  be  only  by  experi- 
ence that  we  learn  to  connect  certain  differences  in  our 
sensations,  cither  with  the  particular  figures  of  objects,  or 
with  the  particular  parts  of  our  bodies  on  which  impressions 
arc  made.    These  may  be  called,  therefore.  Acquired  Per- 
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t-eptious  of  Touch,  although  founded  on  original  differences 
of  sensation. 

The  sense  of  Touch,  without  any  active  or  voluntary  ef- 
fort, would  probably  suffice  to  convey  to  us  the  notions  of 
extension  or  space,  and  of  hardness  or  solidity,  which  are 
the  essential  elements  in  the  idea  we  form  of  matter,  and 
liave  therefore  been  called  the  Primary  Qualities  of  Matter. 
But  the  information  obtained  in  this  way,  particularly  the 
knowledge  thus  acquired  of  Forms,  would  be  very  vague 
and  imperfect.  Our  knowledge  of  these  is  acquired  with 
much  gi-eater  rapidity  and  precision,  by  the  combination  of 
the  mere  feelings  of  Touch,  with  the  muscular  sensations, 
already  noticed,  which  inform  us  of  the  contractions  of 
vohmtary  muscles,  that  are  employed  in  moving  the  organs 
of  Touch, — and  of  the  degree  and  extent  of  resistance,  op- 
posed to  these  movements  of  the  organs  of  Touch,  by  the 
solidity,  the  figure,  and  the  position,  of  tangible  objects. 
It  is  by  the  number  and  variety  of  these  muscular  sensations 
which  it  can  combine  with  distinct  feelings  of  Touch,  that 
the  human  hand  is  so  admirably  fitted  for  procuring  infor- 
mation as  to  the  size,  form,  weight,  and  character  of  the 
surface  of  external  objects. 

These  muscular  sensations  are  likewise  an  important 
source  of  enjoyment,  particularly  in  early  life ;  their  ab- 
sence is  a  serious  privation,  and  the  effect  of  their  excess  is 
the  uneasy  sensation  of  Fatigue. 

The  distinction  of  the  mere  passive  sense  of  Touch,  from 
the  combination  of  this  with  voluntary  movements  of  the 
organs  employed,  made  known  by  the  muscular  sensations 
that  accompany  them,  is  well  stated  by  Ma  gen  die,  in  dis- 
tinguishing the  words  Tact  and  Toucher ;  but  the  import- 
ance of  the  latter  complex  sensations  to  the  acquisition  of 
knowledge  by  the  senses,  is  more  fully  illustrated  by  Dr 
Brown  *,  than  by  any  other  author. 

It  is  by  this  process  that  we  acquire  precise  and  accurate 
knowledge  of  the  figures  and  other  primary  qualities  of  ex- 
ternal things,  and  the  process  is  necessary  to  correct  tlie 
•  Lectures  on  the  Philosophy  of  the  Human  Mind,  Lect.  22-3-4. 
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more  vague  and  fallacious  notions  of  those  matters  which 
we  derive  from  Sight ;  but  the  information  acquii'ed,  whe- 
ther by  the  active  or  passive  exercise  of  the  sense  of  Touch, 
is  infinitely  extended  by  means  of  Sight. 

On  comparing  the  feelings  of  Heat  and  Cold,  with  those 
sensations  of  Touch  that  communicate  to  us  the  notions  of 
Extension  and  Resistance,  and  the  mental  processes  conse- 
quent on  these  different  sensations,  we  perceive  the  dis- 
tinction between  what  are  called  the  Secondary  Qualities 
of  matter,  which  are  known  to  us  only  as  the  causes  of  certain 
sensations  (and  of  other  effects  in  the  inanimate  world) ; 
and  what  are  called  the  Primary  Qualities  of  matter,  of 
which  our  minds  form  clear  and  definite  notions^  jierfectly  dis- 
tinct from  the  sensations  by  ivhich  they  are  suggested ;  and 
which  notions  are  the  essential  ingredients  in  the  general 
idea  that  we  have  of  the  external  woi'ld. 

Both  the  primary  and  secondary  qualities  of  objects  are 
apprehended  by  us,  in  the  adult  state,  and  after  long  ex- 
perience, as  depending  on  causes  external  to  ourselves, 
(see  p.  119).  But  it  is  more  difficult  to  determine  in  what 
circumstances  it  is,  that  the  notion  of  external  and  inde- 
pendent existence  is  first  formed  in  the  mind,  or  what  con- 
ditions are  essential  to  its  formation.  Perhaps  the  most 
reasonable  supposition  is,  that  the  mere  repetition  of  any 
sensation, — and  the  conviction  of  want  of  power  on  our 
part  to  cause,  or  prevent,  or  in  any  way  affect,  that  repeti- 
tion, as  long  as  the  circumstances  in  which  it  was  felt  con- 
tinue unchanged, — are  enough  to  suggest  that  notion  to  the 
mind.  Some  think  that  it  is  only  on  apprehending  the 
existence  of  the  primary  qualities  of  matter,  that  we  form 
that  general  notion  ;  and  Dr  Brown  endeavoured  to  shew, 
that  the  notion  could  not  be  formed,  but  for  the  muscular 
sensations,  which  accompany  the  active  exercise  of  the 
sense  of  touch,  and  the  interruptions  which  these  experi- 
ence from  the  resistance  of  external  things. 

But  these  are  in  reality  only  questions  of  curiosity.  The 
Important  fact  is,  that  by  the  exercise  of  the  senses,  and 
especially  of  this  sense  of  Touch,  which  informs  us  of  wJiat 
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we  call  the  primary  qualities  of  matter,  we  are  naturally 
led,  not  only  to  form  that  general  notion  of  external  and 
independent  existence,  but  also  to  form  more  particular 
notions  of  Extension,  Form,  Hardness,  Motion,  &c.  as 
qualities  of  external  things,  which  bear  no  resemblance  ivhat- 
ever  to  the  sensations,  through  the  medium  of  which  we  ap- 
preliend  them.  And  one  decisive  proof  of  this  being  the 
true  representation  of  this  part  of  our  mental  constitution, 
is  obtained  by  attending  to  the  idea  of  extension  or  Space ; 
which  is  undoubtedly  formed  during  the  exercise  (whether 
active  or  passive,  is  immaterial  at  present)  of  the  sense  of 
touch  ;  and  is  no  sooner  formed  than  it  "  swells  in  the  hu- 
man mind  to  Infinity  ;" — to  which,  certainly,  no  human  sen- 
sation can  bear  any  resemblance  *. 


Or  Smell  and  Taste. 

The  Sensations  of  the  Nose  and  Mouth  may  be  considered 
together,  on  account  of  the  intimate  connexion  which  will 
appear  to  exist  between  them. 

In  order  that  the  sensation  of  smell  may  be  felt,  the  only 
special  conditions  necessary  are,  the  passage  along  the 
internal  nares,  of  air  impregnated  with  certain  effluvia 
which  are  believed  to  arise  from  many  substances,  but 
which  manifest  their  existence  in  no  other  way  than  by 
the  sensations  they  thus  excite;  and  secondly,  the  healthy 
condition  of  the  mucous  membrane  which  lines  the  ossa 
spongiosa  and  other  parts  of  the  internal  surface  of  the 
nostrils,  especially,  as  it  would  appear,  of  the  upper  and 
middle  meatus,  where  the  1st  nerve  is  chiefly  distributed. 
That  some  particular  condition  of  the  membrane  is  neces- 
sary to  the  sensation  appears  from  the  fact,  that,  unlike 
common  sensation,  it  is  diminished  or  lost  in  consequence 

•  See  Re  id's  Inquiry  into  the  Human  Mind,  cliap.  v.  sect.  3-7 ;  and 
Stewart's  Elements  of  the  Philosophy  of  the  Human  Mind,  chap.  i. 
sect.  3.  and  4. 
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of  inflammation  of  the  part;  but  the  nature  of  this  particu- 
lar condition  is  unknown. 

It  is  necessary  to  distinguish  between  the  special  sensa- 
tions, whicli  odoriferous  substances  only  can  produce,  and 
the  sense  of  irritation  in  the  nostrils,  which  any  acrid  or 
stimulating  vapour  or  powder  will  occasion.  The  latter  is 
the  immediate  cause  of  sneezing ;  and  it  has  been  proved 
by  the  experiments  of  Magendie  *,  confirmed  by  observa- 
tions in  some  paralytic  cases  in  the  human  body,  that  the 
sensibility  to  such  irritation  depends  on  the  5th  nerve,  and 
continues  after  the  1st  nerve,  usually  called  the  Olfactory, 
is  destroyed  by  injury  or  disease.  It  appears  also,  that  by 
section  of  the  5th  nerve,  the  sense  of  smell,  as  well  as  others 
of  the  special  senses,  is  blunted  or  perverted.  But  the  dis- 
tribution of  the  1st  nerve  to  the  parts  concerned  in  this 
sense,  and  to  no  other ; — its  greater  development  in  pro- 
portion to  the  size  and  complexity  of  the  organ  of  smell, 
in  animals  in  which  this  sense  is  more  exquisite  -f ; — some 
cases  on  record,  in  which  the  sense  of  smell  was  lost  in 
consequence  of  disease  of  the  origin  of  the  1st  nerve,  while 
the  5th  was  healthy  if ; — and  the  appropriation  of  the  5th 
nerve  to  common  sensation  in  other  parts ; — seem  sufficient 
to  shew  that  the  1st  nerve  is  that  most  essentially  concerned 
in  the  sense  of  Smell,  properly  so  called. 

This  sense  informs  us  only  of  the  different  varieties  of  a 
single  secondary  quality  of  matter,  to  which  the  term  Odour 
is  properly  applied,  existing  only  in  certain  bodies,  and 
which  extends  itself,  by  an  unknown  medium,  to  some  dis- 
tance from  them. 

The  sensation  of  Taste  is  commonly  described  as  that 
which  results  from  the  contact  of  certain  bodies,  called 
Sapid,  with  the  upper  surface  and  tip  of  the  tongue,  inside 
of  the  gums,  and  palate,  especially  when  rubbed  forcibly 
between  these;  and  which  is  aided  by  the  action  of  the 
fluids  of  the  mouth. 

•  Journal  dc  Physiologie,  torn.  iv. 

t  See  Sehees,  Anat.  Comp.  du  Cerveau,  pp.  281  and  28C. 
t  Serkes,  p.  294. 
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In  the  case  of  this  sense  likewise,  we  should  distinguish 
the  component  parts  of  the  complex  sensation  felt  on  such 
occasions.  The  sensation  which  informs  us  of  what  is  strict- 
ly called  the  Flavour  of  any  suhstance,  is  at  once  distin- 
guished as  bearing  a  strong  resemblance  to  smell ;  and  the 
following  facts  seem  sufficient  to  prove  that  it  is  in  fact  the 
sensation  of  smell,  produced  by  effluvia  from  the  substance 
held  in  the  mouth  passing  through  the  nostrils  during  ex- 
piration. 

1.  Wlien  the  mucous  membrane  of  the  nostrils  is  inflamed, 
the  flavour  even  of  sweet,  bitter,  or  acid  substances  is  not 
perceived,  although  there  be  no  symptoms  of  disease  in 
the  mouth,  and  all  the  other  sensations  felt  there  are  na- 
tural. 

2.  By  carefully  inspiring,  during  the  whole  time  when  a 
sapid  substance  is  held  in  the  mouth,  or  by  carefully  ex- 
piring through  the  mouth  only,  its  flavour  maybe  rendered 
imperceptible,  even  though  it  be  rubbed  repeatedly  between 
the  tongue  and  palate  ;  a  sense  of  what  is  usually  called  ir- 
ritation or  pungency,  more  or  less  acute,  according  to  the 
nature  of  the  substance  in  the  mouth,  only  remaining ;  but, 
on  the  slightest  expiration  through  the  nostrils,  the  true 
flavour  becomes  immediately  distinct. 

When  the  various  sensations  which  appear  from  these 
facts  to  belong  strictly  to  the  sense  of  smell,  are  carefully 
distinguished  from  th^  others,  which  are  felt  in  the  mouth, 
although  these  last  may  appear  both  acute  and  peculiar,  it 
seems  very  doubtful  whether  they  amount  to  more  than 
very  fine  sensations  of  touchj  produced  chiefly  by  fluid 
substances  penetrating  the  papillae  of  the  tongue.  They 
hardly  appear  to  merit  the  title  of  a  special  sense,  any 
more  than  those  feelings  in  the  nostrils  which  prompt  to 
sneezing,  or  those  in  the  larynx  which  prompt  to  coughing. 
And  accordingly,  it  will  be  observed,  that  there  is  no  spe- 
cial nerve  for  the  sensations  in  the  mouth,  the  papilla}  of 
the  tongue  having  their  nervous  branches  from  the  third 
part  of  the  fifth. 

The  mixt  sensations,  probably  referable  to  the  heads  of 
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Smell  and  of  very  delicate  Touch,  which  have  their  seat  in 
the  nostrils  and  mouth,  are  not  only  the  occasion  of  much 
enjoyment,  but  have  evidently  two  important  uses,  in  re- 
ference to  the  function  of  digestion  :  1.  To  excite  the  flow 
of  the  mucus  and  saliva,  which  are  to  aid  in  preparing  the 
food  for  the  action  of  the  stomach  :  2.  To  inform  us  of 
qualities  in  the  objects  that  excite  them,  which  bear  a  cer- 
tain, though  not  a  uniform,  relation  to  their  fitness  for  di- 
gestion. 


Of  Sight. 


It  is  here  necessary  to  recall  to  recollection  the  structure 
of  the  principal  parts  constituting  the  oi'gan  of  sight ;  first, 
the  protection  given  to  the  eyeball  by  the  eyebrows  and 
eyelids,  and  the  lubrication  of  its  surface  by  the  tears 
descending  from  the  lachrymal  gland,  and  also  by  the 
thin  mucous  fluid  that  exudes  from  the  tunica  conjunctiva: 
next,  the  different  coats  of  the  eyeball ;  the  conjunctiva  co- 
vering its  fore  part ;  the  firm  and  strong  sclerotic  coat, 
which  bounds  and  encloses  the  essential  parts  of  the  organ, 
and  connects  itself,  in  front,  with  the  prominent  and  tran- 
sparent cornea ;  the  vascular  and  opaque  choroid  coat,  ter- 
minating in  front  in  the  annulus  albus  at  the  root  of  the 
iris,  and  in  the  ciliary  processes  behind  the  iris ;  and  with- 
in it,  the  nervous  expansion  called  the  Retina,  the  concave 
surface  of  which  is  spread  over  the  thin  membranous  cap- 
sule that  contains  the  Vitreous  Humour ;  in  front  of  which 
humour,  the  coats  of  the  eyeball  enclose  the  dense  transpa- 
rent Crystalline  Lens,  and  the  thin  aqueous  humour,  di- 
vided into  two  compartments  by  the  opaque  and  coloured 
iris :  lastly,  the  entrance  of  the  optic  nerve,  and  its  expan- 
sion to  form  the  retina,  on  the  inner  side  of  the  axis  of  the 
eye, — its  passage  through  the  sphenoid  bone,  and  within 
the  cranium,  to  the  place  of  its  union  with  its  fellow  on 
the  opposite  side, — and  its  winding  course  across  the  crus 
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cereliri  and  along  tlie  lower  and  outer  edge  of  the  thalamus, 
till  it  reaches  the  corpus  quadrigeminum. 

The  aqueous  and  vitreous  humours  of  the  eye  contain 
about  2  per  ceut.  of  animal  and  saline  matter,  and  the  crys- 
talline lens,  which  is  solid,  and  denser  towards  its  centre 
than  on  its  exferior,  contains  42  per  cent,  of  animal  matter 
and  salts. 

In  order  that  the  Sensations  enabling  us  to  perceive 
light  and  colour  should  be  felt,  the  only  special  condition 
probably  is,  that  light,  by  which  we  mean  the  external 
cause  of  these  sensations  (genei-ally  believed  to  be  an  im- 
ponderable substance),  should  impinge  on  the  retina.  But 
in  order  that  this  light  should  give  any  distinct  informa- 
tion as  to  the  form  or  other  qualities  of  the  objects  whence 
it  comes,  it  is  necessary  that  it  should  be  so  affected  by 
the  coats  and  humours  of  the  eye,  as  to  form  a  distinct 
image  of  these  objects  on  the  xetina  at  the  bottom  of  the 
eye. 

That  such  images  of  external  things  are  really  formed 
on  the  Retina,  has  been  shown,  by  fixing  the  eye  of  an  ani- 
mal just  killed  in  a  small  aperture  of  a  darkened  room, 
stripping  off  carefully  the  opaque  sclerotic  and  choroid 
coats  at  its  back  part,  (or,  in  the  case  of  albino  animals, 
without  that  preparation),  and  inspecting  the  posterior  sur- 
face of  the  retina.  Magendie  was  even  able  to  show,  in 
such  experiments,  by  drawing  off  successively  the  different 
humours,  the  importance  of  each  of  these  in  the  formation 
of  the  images. 

In  order  to  understand  how  this  is  effected  by  the  eye,  it 
is  necessary  to  attend  to  the  following  optical  propositions, 
the  trutli  of  which  is  known,  partly  by  experiments,  and 
partly  by  mathematical  deduction  from  principles  which 
experiments  had  established. 

1.  When  light  passes  through  any  single  transparent 
medium,  it  moves  always  in  straight  lines. 

2.  When  it  passes  from  one  transparent  medium  to  ano- 
ther, unless  it  falls  perpendicularly  on  the  surface  where 
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they  join,  it  undergoes  a  change  of  direction,  or  is  refract- 
ed; and  we  judge  of  the  mode  and  degree  of  its  refraction 
by  supposing  a  perpendicular  drawn  to  the  surface  of  junc- 
tion of  the  two  media,  at  the  point  where  the  ray  quits  the 
one  and  enters  the  other,  and  observing  wlicther,  in  its 
course  through  the  second  medium,  its  chaii^e  of  direction 
is  towards,  or  from,  that  perpendicular.  If  it  be  refracted 
towards  the  perpendicular,  the  medium  which  it  enters  has 
the  greater  refractive  power  of  the  two ;  but  if  from  tlie 
perpendicular,  it  has  the  less  refractive  power.  The  angle 
which  the  incident  ray  makes  with  the  perpendicular  is 
called  the  Angle  of  Incidence,  and  that  which  the  refract- 
ed ray  makes  with  it  the  Angle  of  Refraction ;  and  the 
greater  the  difference  between  these  two,  the  greater  the 
difference  of  refractive  power  of  the  media. 

3.  On  comparing  the  course  of  rays  which  fall  with 
different  degrees  of  obliquity  on  the  surface  of  junction  of 
the  same  media,  it  is  found  that  the  refractions  they  re- 
spectively suffer  bear  a  certain  proportion  to  the  degree  of 
their  obliquity ;  the  sine  of  the  angle  of  incidence  having 
to  the  sine  of  the  angle  of  refraction  always  the  same 
ratio. 

4.  Denser  bodies  have,  in  general,  a  greater  refractive 
power  than  rarer;  and  accordingly,  water,  glass,  and  the 
transparent  parts  of  the  eye,  have  a  gi-eater  refractive 
power  than  air. 

5.  When  a  ray  of  light  passing  through  air  falls  oblique- 
ly on  a  com'cx  lens  of  glass  [i.  e.  a  piece  of  glass  bounded 
on  each  side  by  a  segment  of  a  sphere),  or  of  any  other 
transparent  matter  of  greater  refractive  power  than  air,  it 
necessarily  undergoes  one  refraction  where  it  enters,  and 
another  where  it  leaves  the  lens,  and  each  of  these  brings 
it  nearer  to  the  axis  of  the  lens ; — i.  e.  to  the  straight  line 
which  joins  the  centres  of  the  two  spheres,  segra'fents  of 
which  bound  the  lens. 

6.  When  different  rays,  coming  from  the  same  point,  and 
traversing  air,  fall  on  such  a  lens,  and  each,  after  the  two 
refractions  it  undergoes,  is  brought  towards  the  axis  of  the 
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}ens,  the  point  of  tliat  axis  towards  wliich  they  tend  is  de- 
termined by  three  conditions, — by  the  distance  of  the  point 
from  wliicli  they  come, — by  the  degree  of  convexity  of  the 
surface  of  the  lens, — and  by  the  degree  of  its  refractive 
power,  that  is,  by  the  proportion  of  tlie  sine  of  the  angle 
of  incidence,  to  the  sine  of  the  angle  of  refraction,  of  all 
rays  that  enter  it  from  air.  Now,  these  three  conditions 
are  the  same  in  regard  "to  all  the  rays  that  issue  from  any 
one  point ;  and  therefore,  if  the  refractive  power  be  such  as 
to  bring  any  one  ray  from  that  point  to  intersect  the  axis 
of  the  lens,  it  will  bring  all  the  rays  from  that  point  to  in- 
tersect the  axis  at  the  same  place;  i.e.  it  will  concentrate 
all  the  rays  from  that  point  into  ajvcus  beyond  the  lens. 

7.  Every  double  convex  lens  in  this  manner  draws  toge  • 
ther  into  a  focus  all  parallel  rays,  i.  e.  rays  coming  from 
a  point  at  an  infinite  distance  ;  and  the  fixed  point  to  which 
these  tend  is  called  the  principal  focus  of  the  lens  :  And 
farther,  every  such  lens  draws  together  into  a  focus  all  the 
rays  coming  from  any  point  more  distant  from  itself  than 
its  own  principal  focus ;  but  the  rays  from  a  point  at  the 
distance  of  that  focus  become  parallel  after  passing  through 
the  lens;  and  those  from  a  point  nearer  than  that,  diverge 
after  passing  through  the  lens,  although  in  a  less  degree 
than  before  entering  it. 

8.  As  a  convex  lens  concentrates  all  the  rays  from  a  dis- 
tant/>om^  into  a  focus,  so  it  concentrates  all  the  rays  from 
a  distant  object  into  an  image,  which  will  be  nearer  the 
lens,  and  smaller,  as  the  object  is  the  more  distant,  and  the 
refractive  power  greater ;  and  which  will  be  inverted,  be- 
cause the  rays  from  any  point  of  a  luminous  object,  which 
lies  on  either  side  of  the  line  that  is  a  production  of  the 
axis  of  the  lens,  must  necessarily  cross  tliat  line,  after  the 
two  refractions  they  suffer,  before  they  can  be  concen- 
trated. 

Now,  in  the  eye,  altliough  the  apparatus  is  more  com- 
plex, yet  the  effect  on  light  from  a  point,  or  from  an  object 
placed  bcf(ft-e  the  eye,  is  necessarily  the  same  as  would  bo 
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produced  by  a  double  convex  lens.  The  ray  which  falls 
from  any  luminous  point  perpendicularly  on  the  centre  of 
the  cornea,  and  passes  through  tlie  axis  of  the  eye,  under- 
goes no  refraction.  All  other  rays  coming  from  the  same 
point,  and  forming  a  long  narrow  cone  of  light  between  it 
and  the  puj)il,  are  refracted,  first  where  they  enter  the  cor- 
nea and  aqueous  hijmour, — then  where  they  enter  the  crys- 
talline lens,  which  has  the  greatest  density  and  refractive 
power, — and  lastly,  where  they  pass  from  the  crj'stalline 
into  the  vitreous  humour.  All  these  refractions  arc  to- 
wards the  axis  of  the  eye,  and  these  rays  meet  the  one  that 
])asses  along  the  axis  in  a  focus.  And  as  the  humours  of 
the  eye  draw  together  all  the  rays  entering  the  pupil,  from 
a  luminous  point  placed  before  it,  into  a  focus,  so  they 
draw  together  the  rays  from  an  object,  or  set  of  objects, 
into  an  image,  which  is  necessarily  i)laced  somewhere  behind 
the  crystalline  lens,  and  is  inverted. 

In  the  usual  and  natural  state  of  the  eye,  its  transparent 
parts  are  fitted,  by  their  refractive  power,  for  concentra- 
ting parallel  rays  (or  rays  from  a  point  at  an  infinite  dis- 
tance) just  at  the  Retina,  i.  e.  the  principal  Focus  of  the 
eye  lies  at  the  Retina,  and  therefore  clear  and  definite 
images  of'  very  distinct  objects,  the  rays  from  any  single 
point  of  which  are  almost  exactly  parallel,  are  formed  on 
the  retina,  and  the  eye  is  fitted  for  the  vision  of  these  dis- 
tant objects.  And  as  the  divergence  of  the  rays  which 
come  from  a  single  point,  even  a  few  feet  distant  from  the 
eye,  and  fall  on  so  small  an  area  as  the  pupil  of  the  eye,  is 
very  trifling,  the  eye  is  equally  fitted,  in  its  natural  state, 
for  all  practical  purposes,  for  the  distinct  vision  of  all  ob- 
jects situated  more  than  a  few  feet  from  it. 

But  in  the  natural  state  of  the  eye,  after  it  has  been  em- 
ployed in  distant  vision,  when  an  object  is  brought  withm 
a  few  feet  of  it,  the  rays  from  that  object  converging  to 
form  an  image  beyond  the  retina,  it  is  at  first  seen  indis- 
tinctly, and  an  effort  is  voluntarily  or  instinctively  made,  by 
which  the  eye  adjusts  itself  to  the  distinct  vision  of  this 
object;  and  if  it  be  brought  still  nearer,  the  cy^  maybe 
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made  to  continue  tliis  effort  of  adjustment,  till  it  come 
within  about  five  inches  of  the  eye ;  after  whicli,  the  re- 
fractive power  of  most  eyes  is  insufficient  for  bringing  to- 
gether the  rays  on  the  retina,  and  the  object  is  again  seen 
indistinctly. 

The  effort  by  which  the  eye  increases  its  refracting 
power,  and  adjusts  itself  to  the  distinct  vision  of  an  ob- 
ject thus  approaching  it,  may  be  observed  to  be  attended 
witli  a  contraction  of  the  pupil ;  and  Dr  Brewster  found, 
that  the  application  of  bright  light  to  the  eye,  whereby  a 
sudden  contraction  of  the  pupil  is  effected,  causes  the  eye 
to  adjust  itself  to  vision  at  a  shorter  distance  than  previ- 
ously * ;  and  Dr  Wells  shewed,  that  when  the  iris  is 
palsied,  as  by  belladonna  applied  to  the  eye,  the  power  of 
adjustment  to  distances  is  lost-f'.  But  the  mere  elongation 
or  shortening  of  the  iris,  although  it  alters  the  size  of  the 
cone  of  light  passing  from  any  luminous  point  to  the  pupil, 
and  therefore  alters  the  illumination  of  the  image  formed 
at  the  back  part  of  the  eye,  does  not  alter  the  refractive 
power  of  the  eye.  The  adjustment  of  the  eye  must  there- 
fore be  produced  by  some  other  change,  contemporaneous 
^vith  the  contraction  of  the  pupil. 

The  manner  in  which  this  is  done  is  still  uncertain;  but 
the  most  probable  supposition  is,  that  it  is  by  a  vital  con- 
traction of  the  annulusalbus,  or  ciliary  ligament  at  the  root 
of  the  iris,  simultaneous  with  the  contraction  of  the  sphinc- 
ter iridis,  and  which  will  have  the  effect,  either  of  increasing 
somewhat  the  convexity  of  the  cornea,  or  of  bringing  the 
ci^stalline  lens  somewhat  forwards,  and  of  course  bringing 
forwards  also  the  image,  previously  formed  behind  the 
retina  X. 

The  usual  movements  of  tlie  iris  (probably  of  its  sphinc- 
ter muscle,  though  that  is  not  easily  demonstrated)'  are 
caused  by  the  impression  of  light  on  the  retina,  and  no 

"  Edinburgh  Journal  of  Science,  vol,  i.  p.  77,  1824. 
t  Philosophical  Transactions,  1811. 

t  See  Knox,  in  Transactions  of  Edinburgh  lloyal  Society,  vol.  x.,  and 
Brewster,  in  Edinburgh  Journal  of  Science,  vol.  i.  1824. 
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doubt,  in  tbc  natural  state,  by  tlic  sensation  of  ligbt  felt  in 
consequence  of  tbat  impression.  Wben  the  ligbt  is  di- 
minisbed  tbe  pupil  expands,  tlie  cone  of  ligbt  coming  from 
any  one  point  to  it  is  enlarged,  and  tbe  focus  of  tbat 
point  (or  the  image  of  an  object  of  wbicb  it  makes  a  part) 
is  rendered  more  luminous  tban  previously ;  and  tbe  re- 
verse cbange  bappens  wben  tbe  ligbt  becomes  more  in- 
tense ;  so  tbat  tbis  is  a  moveable  curtain,  placed  befoi'e  tbe 
eye  to  regulate  tbe  quantity  of  ligbt  admitted  into  it,  and 
wbicb  is  moved  by  tbe  very  sensations  wbicb  call  for  its 
intervention  *• 

Accordingly,  Mr  Mayo  found  tbat  tbe  iris  could  be 
made  to  contract,  eitber  by  irritation  of  tbe  optic  nerve, 
within  tbe  cranium  of  a  bird,  or  by  irritation  of  the  third 
nerve,  wbicb  is  perhaps  tbe  only  motor  nerve  tbat  sends 
filaments  to  tbe  ophthalmic  ganglion,  whence  tbe  ciliary 
nerves,  passing  to  the  iris,  are  derived  ■)-. 

Tbe  orbicularis  oculi  muscle,  which  closes  the  eyelids,  and 
has  been  shewn  by  Sir  Charles  Bell  to  be  moved  by  fila- 
ments of  tbe  portio  dura,  is  also  obedient  to  tbe  sensation 
of  ligbt,  wben  tbat  sensation  is  so  intense  as  to  require  tbe 
complete  removal  of  its  cause  to  prevent  acute  suffering, 
and  subsequent  loss  of  tbe  powers  of  tbe  retina  and  optic 
nerve. 

Tbe  aperture  of  the  pupil  obviously  admits  rays  of  ligbt 
only  to  a  part  of  tbe  concave  expanded  surface  of  tbe  re- 
tina, and  tbis  illuminated  part  is  farther  diminished  wben 
tbe  pupil  is  contracted.  Accordingly,,  tbe  field  of  vision, 
when  tbe  eye  is  kept  at  rest,  is  very  limited.  According 
to  tbe  observations  of  Dr  Young,  it  extends  upwai'ds  to 
objects  situated  in  a  line  forming  an  angle  about  50°  with 
tbe  optic  axis,  downwards  to  70°,  inwards  to  60°,  and  out- 
wards to  90°. 

But  it  is  farther  obvious,  on  attending  to  what  is  seen 
when  tbe  eye  is  fixed  on  a  single  object,  tbat  tbe  field  of 
distinct  vision  is  much  more  limited  tban  tbis ;  any  object 

•  See  Whytt  on  the  Vital  and  Involuntary  Motions,  sect.  vii. 
t  Anatomical  and  Physiological  Commentaries,  No.  Ilj 
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situated  in  a  line  wliich  makes  an  angle  of  5°  with  the  optic 
axis,  is  seen  very  indistinctly. 

From  this  we  \carn,  Jirst,  the  importance  of  the  muscles 
of  the  Eyeball,  by  which  the  eye  is  easily  moved,  vo- 
luntarily or  instinctively,  so  as  to  bring  its  axis  to  bear  on 
any  object  that  is  to  be  examined,  and  secure  distinct  vi- 
sion of  it ;  secondly,  the  peculiar  sensibility  of  that  portion 
of  the  organ  which  lies  in  the  axis  of  the  eye,  exactly  op- 
posite to  the  pupil. 

Just  at  this  point  tbere  is  found,  in  the  human  eye,  and 
in  certain  animals,  whose  vision  is  very  acute*,  the  cen- 
tral foramen,  or  opening  in  the  retina ;  the  dimensions  of 
whicli,  after  death,  are  such,  that  it  would  seem  that  the 
images  which  give  the  most  distinct  vision  must  be  formed 
within  it. 

How  the  change  in  the  optic  nerve,  necessary  to  the 
sensation  of  sight,  should  be  produced  by  an  impression, 
thus  apparently  made  on  a  point,  which  the  nervous  fila- 
ments do  not  themselves  reach,  it  is  at  present  impossible 
to  explain ;  but  the  observation  should  perhaps  be  connect- 
ed with  another,  viz.  that  in  many  bii'ds,  reptiles,  and 
fishes,  which  are  endowed  with  a  more  penetrating  sense 
of  sight  than  ours,  an  empty  space  is  in  like  manner  found 
at  the  other  extremity  of  the  filaments  composing  the  optic 
nerve,  viz.  in  the  Corpora  Quadrigemina 

Another  peculiarity  in  regard  to  the  sensibility  of  the 
retina  is,  that  those  rays  of  light  which  are  concentrated 
on  the  part,  on  the  inner  side  of  the  optic  axis,  where  the 
optic  nerve  enters,  are  found  to  cause  no  sensation ;  as  is 
easily  proved  by  fixing  the  right  eye  on  two  small  objects 
placed  together  on  a  plain  surface,  then  moving  the  one  of 
these  objects  gradually  to  the  left,  and  keeping  the  axis  of 
the  eye  directed  towards  it,  while  the  attention  is  fixed  on 
the  sensation  communicated  by  the  other  object;  the  ex- 
istence of  the  insensible  spot  on  the  retina  is  then  quickly 

•  See  Knox,  in  Edinburgh  Phil.  Trans,  vol.  x. 

t  Serees,  Anat.  Comp.  du  Cerveau,  pp.  197  and  ."301. 
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discoA^ered.  It  has  been  conjectured  that  this  depends  on 
the  enti'ance,  not  of  the  optic  nerve,  but;' of  the  central 
artery  of  the  retina  which  it  encloses. 

The  experiments  of  Flourens  have  unequivocally  shown 
that,  in  many  of  the  lower  animals,  the  Corpora  Quad- 
rigemina,  where  the  optic  nerves  originate,  are  the  only 
parts  of  the  larger  masses  of  the  Nervous  System  concerned 
in  the  mere  sensations  of  the  eye  *. 

What  has  been  said  of  the  conditions  in  the  eye,  neces- 
sary to  vision,  sufficiently  explains  most  cases  of  blind- 
ness; and  likewise  enables  us  to  understand  the  nature  of 
the  imperfections  of  this  sense  called  Presbyopia  and 
Myopia.  In  the  former,  the  eye  has  generally  become 
somewhat  flattened,  and  has  lost  somewhat  of  its  refrac- 
tive power,  so  that  the  images  of  near  objects,  seen  by 
diverging  rays,  are  formed  a  little  beyond  the  retina ;  and 
a  convex  lens  is  useful,  to  diminish  the  divergence  of  such 
rays  before  they  enter  the  eye, — cause  them  to  converge 
sooner  in  passing  through  it, — and  thereby  render  the 
images  they  form  on  the  retina  definite  and  distinct.  In 
the  latter,  the  eye  has  generally  a  more  convex  form, — 
has  an  excessive  refracting  power,  so  that  it  is  naturally 
adjusted  to  the  distinct  vision  of  near  objects; — and  its 
focus. of  parallel  I'ays,  by  which  distant  objects  ai'e  seen, 
being  a  little  in  front  of  the  retina,  these  are  seen  indis- 
tinctly ;  unless  a  concave  lens  is  employed,  to  give  a  little 
divergence  to  the  rays  coming  from  them. 

These  are  the  most  important  principles  that  have  been 
ascertained  relative  to  the  conditions,  in  each  eye,  neces- 
sary to  distinct  vision.  But  in  general,  both  eyes  are  era- 
ployed  ;  and  the  condition  which  is  necessary,  in  order  that 
an  object,  at  any  distance,  may  appear  single,  although  an 
image  of  it  is  formed  in  each  eye,  appears  to  be  merely 
this,  that  the  axes  of  the  two  eyes  shall  be  fixed  on  the 
same  point  of  the  object;  for  which  purpose,  the  motor 
nerves  and  muscles  of  the  eyeball,  instinctively  act  toge- 
gcthcr,  even  from  the  time  of  birth.  The  necessary  effect 
•  Rechcrchcs  Expcriuientales,  &c.  p,  150. 
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of  this  is,  that  the  rays  coming  from  all  the  points  of  the  ob- 
ject in  question,  are  concentrated  upon  corresponding  points  pi 
the  retinae  of  tlie  two  eyes;  that  is,  upon  points  similarly  situ- 
ated in  regard  to  the  centres  of  the  retinae  of  the  two  eyes;  and 
experience  shows  that,  in  these  circumstances,  objects  are 
seen  single,  but  that,  when  their  images  are  not  formed 
on  corresponding  points  of  the  retinae,  they  are  seen  double. 
Of  this  there  are  several  simple  proofs.  1.  When  the  axes 
of  the  eyes  are  fixed  on  a  near  object,  and  the  attention  at 
the  same  time  directed  to  a  distant  one;  this  last,  the  image 
of  which  cannot  be  formed  on  corresponding  parts  in  the 
two  eyes,  is  seen  double,  and  vice  versa.  2.  When  pres- 
sure is  made  on  the  ball  of  one  eye,  so  as  to  prevent  its 
axis  from  being  directed  to  the  same  point  as  the  axis  of 
the  other,  any  object  that  may  be  looked  at  is  seen  double; 
and  the  same  occurs  in  Squinting,  or  distortion  of  the  eyes, 
althougb  as,  in  most  of  these  cases,  the  sensibility  of  one 
eye  is  much  feebler  than  that  of  the  other,  one  image  only 
is  usually  made  an  object  of  attention.  3.  When  two 
distinct  objects  are  placed  carefully  in  the  lines  of  the  axes 
of  the  two  eyes  of  a  person  who  squints,  or  whose  eyes  are 
distorted,  as  their  images  are  necessarily  formed  on  cor- 
responding points  of  the  retinae,  they  are  seen  to  coincide. 
4.  When  two  objects  are  held  close  to  the  two  eyes,  and 
exactly  in  their  axes,  as  the  optic  axes  cannot  be  directed 
to  the  same  point  in  either  of  them,  and  as  their  images, 
although  necessarily  very  faint  from  their  proximity  to  the 
eye,  must  fall  on  corresponding  points  of  the  retinaj,  so 
they  are  seen,  although  indistinctly,  yet  evidently  as  coincid- 
ing *. 

We  can  go  no  farther,  with  confidence,  in  determining 
the  conditions  requisite  for  single  vision,  than  to  illustrate 
the  general  proposition  above  stated.  It  was  conjectured 
by  Newton,  that  single  vision  may  depend  on  a  semi-de- 

•  See  Reid's  Inquiry  into  the  Human  Mind,  ch.  vi,  sect.  13.  The  ob- 
jections  stated  to  Reid's  principles  on  this  subject  by  Dr  AVells  (Essay 
on  Single  Vision),  seem  to  be  founded  on  misconception. 
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cussatioii  of  the  optic  nerves  at  their  commissure,  whereby 
the  riglit  half  of  each  retina  might  be  in  communication  with 
^lic  right  hemisphere  of  the  brain,  and  the  left  half  of  each 
with  the  left  hemisphere ;  tlie  consequence  of  which  may 
be  easily  conceived  to  be,  that  the  corresponding  points  in 
the  retinae  of  the  two  eyes  may  be  connected  with,  and 
tlieir  sensibility  depend  upon,  the  same  points  in  the  brain. 
Different  anatomists  have  agreed  as  to  the  semi-decussation 
of  the  human  optic  nerves ;  and  Dr  Wollaston  has  sup- 
ported the  theory,  by  reference  to  the  known  fact,  that,  in 
a  transient  diseased  state  of  vision  (the  suffusio  dimidians), 
one  lialf  of  each  retina  is  occasionally  insensible  to  the  light 
at  the  same  time  *.    But  the  anatomical  evidence  of  this 
theory,  as  applied  to  the  human  species,  is  defective.  lu 
many  other  animals,  it  appears  certain  that  the  decussation 
of  the  optic  nerves  is  complete ;  but  as  most  quadrupeds 
and  birds  have  their  eyes  placed  more  laterally  than  the 
human  eyes,  and  are  accustomed  often  to  regard  objects 
with  one  eye  only,  the  analogy  of  their  structure  is  pro- 
bably not  to  be  trusted. 

In  order  that  any  object  of  sight  may  appear  above  the 
optic  axis,  it  is  necessary  that  the  image  formed  by  it  on 
the  retina  be  below  that  axis ;  or,  more  generally,  every  visi- 
ble point  appears  to  be  in  the  direction  of  a  perpendicular 
erected  on  the  retina  at  the  point  where  the  rays  issuing 
from  it  are  concentrated.    This  appears  from  our  seeing 
objects  erect,  although  the  images  they  form  are  inverted ; 
and  is  farther  illustrated  by  the  following  fact.    If  a  small 
object,  brightly  illuminated,  be  held  within  an  inch  of  the 
eye,  and  inspected  through  two  very  minute  holes,  set  close 
to  one  another  in  a  card,  two  faint  images  are  formed  of  it, 
(by  rays  already  converging  before  they  reach  the  eye,  and 
wliicli  do  not  cross  the  axis  before  reaching  the  retina),  on 
different  points  of  the  retina;  and  it  is  seen  double,  al- 
though by  a  single  eye  ;  and,  by  closing  one  or  other  of  the 
holes  in  the  card,  it  is  found  that  the  image  which  appears 

•  rial.  Trans.  1824. 
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uppermost  is  formed  by  rays  which  pass  through  the  lower 
hole,  and  therefore  is  formed  on  the  lower  part  of  the  re- 
tina, and  vice  versa*.  But  this  principle  must  likewise,  at 
present,  be  held  to  be  an  ultimate  fact  on  this  subject. 

The  images  formed  on  the  retina  certainly  differ  as  to 
colour,  as  to  illumination,  as  to  size,  form,  and  position ; 
and  it  is  obvious  that,  in  the  adult  state,  the  different  sen- 
sations they  excite  not  only  inform  us  as  to  light  and  colours, 
but  also  as  to  the  size,  forms,  position,  and  distance  of  ob- 
jects. But  it  is  difficult  to  judge  how  far  the  notions  on 
these  last  points,  which  we  connect  with  them,  in  the  adult 
state,  are  simply  dependent  on  them,  or  how  far  they  are 
acquired  by  the  sense  of  touch,  and  only  suggested  by  the 
sensations  of  the  eye,  in  consequence  of  expei'ience,  and 
association  with  those  of  touch. 

The  notions  we  have  of  the  brightness,  and  of  the  colours 
of  objects,  are  necessarily  and  entirely  dependent  on  the 
sensations  of  sight.  The  colour  depends  on  the  part  of  the 
compound  ray  of  light  which  each  object  reflects  or  trans- 
mits ;  and  the  perception  of  it  depends  on  a  peculiar  sensi- 
bility of  the  optic  nerve,  which  is  not  enjoyed,  in  an  equal 
degi-ec,  by  all  men,  of  perfectly  distinct  vision  in  other  re- 
spects f . 

The  forms  of  the  images  of  external  things,  which  ex- 
ist in  the  eye,  differ  so  widely  from  their  real  forms, 
that  we  should  probably  not  be  able  to  acquire  the  notion 

•  See  Reid's  Inquiry,  &c.  chap.  vi.  sect.  12. 

f  It  has  been  long  known,  that  there  are  many  persons  who  cannot  dis- 
tinguish  accurately  a  colour  from  its  complementary  colour ;  i.  e.  from  that 
which  the  other  colours  in  the  spectrum  united  together  will  produce. 
Thus  the  distinction  of  red  from  green  is  hardly  perceptible  to  many.  Sir 
David  Brewster  has  given  a  satisfactory  explanation  of  this  fact,  by  dis- 
covering, that  in  all  parts  of  the  coloured  spectrum,  there  are  rays  which 
have  escaped  decomposition.  To  a  person,  to  whom  one  of  the  prismatic 
colours  is  imperceptible,  all  colourless  objects  being  seen  by  means  of  rays 
of  the  other  colours  only,  will  necessarily  appear  of  the  colour  complemen- 
tary to  that,  which  is  invisible  to  him ;  and  objects  of  that  unperceived 
colour,  being  seen  by  the  undecomposed  or  colourless  light,  will  of  course 

have  to  him  that  complementary  colour  also  See  Edin.  Phil,  Journal, 

1831. 
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of  any  complex  form  by  this  sense,  unassisted  by  the  sense 
of  touch.  Neither  is  it  possible  that  the  differences  of  sen- 
sation, that  correspond  to  the  differences  of  the  magnitude 
and  position  of  objects,  can  suffice  to  inform  us  of  their  real 
size  or  real  position.  And  the  distance  of  any  object  from 
the  eye,  being  measured  by  a  straight  line  drawn  from  it, 
which,  to  the  eye,  must  appear  as  a  point,  cannot  of  course 
be  a  direct  object  of  sense.  Nor  can  any  reasoning,  on  the 
mere  sensations  of  sight,  furnish  just  conclusions  as  to  these 
points.  All  these  arc,  therefore,  usually  considered  as  Ac- 
quired Perceptions  of  Sight ;  i.  e.  it  is  supposed  to  be  by  ex- 
perience, and  by  comparison  witli  the  information  acquired 
by  the  sense  of  touch,  that  we  learn  to  associate  the  diffe- 
rences, in  these  respects,  of  the  sensations  we  feel,  with 
the  actual  circumstances  of  the  external  objects  from  which 
they  proceed ;  and  some  have  supposed  that  it  is  only  in 
the  same  way  that  we  learn  that  objects,  seen  by  inverted 
images,  are  really  erect,  and  even  that  we  learn  to  distin- 
guish the  numbers  of  visible  objects. 

The  instances  of  persons  blind  from  infancy,  who  were 
restored  to  sight  by  Mr  Cheselden  *,  Sir  E.  Home  f,  and 
Ml"  Waudrop  :J:,  are  sufficient  to  shew  that  the  notions  of 
position,  form,  distance,  and  size  of  objects,  suggested  by 
the  newly  acquired  sense  of  sight,  were  very  imperfect  and 
erroneous.  We  can  observe,  even  in  the  adult  state,  that 
our  ideas  of  form  and  position  are  much  aided  and  correct- 
ed, if  not  acquired,  by  touch ;  and  our  ideas  of  the  latter 
by  the  muscular  sensations  which  accompany  the  actions 
necessary  to  fix  the  optic  axes  on  any  object  of  sight ;  that 
the  judgment,  as  to  size,  from  sight,  is  dependent  on  a  pre- 
vious judgment  of  distance ;  and  tliat  our  estimates  of  dis- 
tance are  very  liable  to  error,  and  are  assisted,  if  not  ac- 
quired, by  help  of  different  kinds  of  experience, — by  the 
effort  made  to  adjust  the  eye  to  distinct  vision,  when  the 
object  is  very  near, — by  the  degree  of  inclination  of  tlic 

"  Philosophical  Transactions,  vol.  xxxv. 

t  Piiilosophicnl  Transactions,  1007.  t  ll^iJ-  1826. 
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optic  axes  requisite  to  fix  both  eyes  on  it,  when  it  is  rathev 
more  remote,— by  the  degree  of  vivacity  of  its  colours, — 
by  tlie  distinctness  of  its  minute  parts, — and  more  espe- 
cially by  the  number,  and  the  known  size,  of  intervening 
objects. 

But  although- it  is  certain  that  a  great  part  of  our  judg- 
ments on  these  points,  connected  with  the  sensations  of 
sight,  is  really  acquired  by  experience  and  education,  we 
should  not  hastily  conclude,  that  the  differences  in  our  sen- 
sations, corresponding  to  these  circumstances  of  external 
objects,  may  not  suggest  to  us,  even  prior  to  experience, 
some  part  of  the  conclusions  which  we  habitually  draw  from 
them.  For  we  know  that  many  of  the  lower  animals  form, 
and  act  on,  correct  judgments  of  the  position,  size,  and  dis- 
tance of  objects,  immediately  on  coming  into  the  world ; 
and  that  we  ourselves,  in  various  other  instances,  both  act 
instinctively,  we  know  not  why;  and  acquire  knowledge 
intuitively,  we  know  not  how  *. 


Of  Hearing. 


In  examining  the  organ  of  this  sense,  we  see  indications 
of  much  contrivance,  the  uses  of  which  are  not  understood, 
because  the  laws  of  the  transmission  of  sound  are  not  so 

•  Dr  Brown  makes  the  following  observation  on  objects  being  seen 
single  and  erect,  by  means  of  two  inverted  images  on  the  retina.  "  If  the 
light  reflected  by  a  single  object,  touched  by  us,  had  produced  not  two 
only,  but  two  thousand  separate  images,  erect  or  inverted,  the  visual  feel- 
ing thus  excited,  however  complex,  would  still  have  accompanied  the  tozich 
of  a  single  object;  and  if  only  it  had  accompanied  it  uniformly,  the  single  oh. 
ject  would  have  been  suggested  by  it,  precisely  in  the  same  manner  as  it  is  now 
suggested."  But  is  it  not  a  sufficient  answer  to  this  doctrme,  at  least  as 
far  as  regards  single  vision,  to  observe,  that  to  a  man  who  has  a  permanent 
squint,  or  distortion  of  the  optic  axes,  the  visual  feeling  always  suggests 
double  objects,  although  he  knows,  by  touch,  that  they  are  single  ?  This 
fact  proves,  that  there  are  conditions  in  the  eyes  themselves,  as  stated 
above,  essential  to  single  vision ;  and  consequently,  that  it  is  7iot  merely  by 
means  of  the  sense  of  toxich  that  we  are  led  to  a  con'ect  judgment  on  that 
l)oint. 


204 


OUTLINES  OF  PHYSIOLOGY. 


well  known  as  those  of  the  transmission  of  light;  and  there- 
fore it  is  to  no  purpose  to  enlarge  on  them. 

The  condition  necessary  to  the  sensation  appeai-s  to  he 
the  communication  of  certain  vibrations,  of  which  many 
substances,  in  different  degrees,  are  susceptible,  to  the 
branches  of  the  auditory  nerve  which  arc  spread  over  the 
different  parts  of  the  labyrinth ;  these  vibrations  may  be 
transmitted  by  the  bones  of  the  head,  as  when  a  sounding 
body  is  placed  between  the  teeth;  but  in  order  that  impres- 
sions may  be  received  by  this  sense  from  a  distance,  through 
the  medium  of  air,  the  contrivance  employed  is  complex ; 
the  vibrations  of  the  air,  derived  from  the  sounding  body, 
are  first  communicated  through  the  meatus  externus,  which 
is  lubricated  by  its  oily  secretion,  the  cerumen,  to  the  outer 
chamber,  oi'  tympanum, — which  is  closed  by  a  membrane 
where  the  impression  is  made  on  it,  but  filled  with  air  from 
the  posterior  naves, — which  is  extended,  in  a  very  irregular 
form,  into  the  mastoid  process,  and  traversed  by  a  chain  of 
minute  bones  (furnished  with  muscles  whereby  they  are, 
to  a  limited  extent,  moveable),  one  of  which  is  fitted  to  the 
aperture  that  leads  to  the  inner  chamber  or  vestibule.  This 
cavity  is  filled  with  a  liquid  like  the  aqueous  humour  of  the 
eye,  and  communicates  with  different  small  winding  canals, 
situated  in  the  interior  of  the  hardest  bone  in  the  body,  and 
the  membrane  lining  which  is  supplied,  by  many  minute 
holes  in  the  bone,  with  very  numerous  small  branches  of 
the  portio  mollis  of  the  7th  pair  of  nerves.  The  whole  of 
these  cavities  and  canals,  containing  the  fluid,  have  been 
generally  thought  to  be  the  seat  of  this  sense ;  but  the  ex- 
periments of  Flourens,  shewing  that  injury  or  destruction 
of  the  semicircular  canals  injures  other  functions  indeed,  but 
apparently  not  the  sense  of  hearing*,  render  it  probable  that 
those  parts  of  the  7th  nerve  only  which  supply  the  cochlea 
and  vestibule,  are  essentially  concerned  in  this  sense. 

Comparative  Anatomy  shews,  that  a  shut  sac,  containing 
a  fluid,  and  lodging  the  extremities  of  the  7th  pair  of  nerves, 
•  Ann.  des  Sciences  Naturelles,  torn.  xv. 
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is  all  that  is.  essential  to  constitute  an  organ  of  hearing 
throughout  the  animal  creation  *. 

The  importance,  in  our  species,  of  the  different  parts  of 
the  organ  of  hearing  is  shewn  hy  deafness  resulting, — 1. 
From  hardened  wax  in  the  air-passages  :  2.  From  closing 
of  the  eustachian  tube,  which  conveys  air  to  the  tympanum  : 
3.  From  separation  and  discharge  of  the  small  bones,  and 
consequent  discharge  of  the  liquor  from  the  labyrinth  :  4. 
From  disease  of  the  Tth  nerve,  or  of  the  adjoining  parts  in- 
juring that  nerve.  And  in  the  case  of  this  sense,  as  well 
as  of  sight,  there  are  also  examples  of  its  total  deficiency 
even  when  all  parts  of  the  organ  appear  naturally  formed, 
believed  to  be  owing  to  some  imperceptible  defect  in  the 
7th  nerve,  or  its  origin  in  the  floor  of  the  4th  ventricle. 

The  individual  sensations  of  sound  differ  from  one  an- 
other, not  only  in  intensity  or  loudness,  which  depends  on 
the  length  of  the  vibrations  of  the  body  whence  the  sound 
proceeds,  but  also  in  two  other  particulars,  which  are  pecu- 
liar to  them,  viz.  Tone  and  Timbre, 

The  tone,  or  pitch,  of  a  sound,  depends  on  the  number  of 
'vibrations  performed  by  the  sounding  body  in  a  given  time, 
being  lower  as  these  are  less  numerous,  and  higher  as  they 
are  more.  According  to  the  observations  of  Dr  Wollas- 
TON  -j-,  there  are  some  persons  who  are  totally  insensible  to 
certain  very  acute  sounds,  although  they  have  the  usual 
sensibility  as  to  lower  sounds. 

The  timbre  of  sound  depends  on  the  nature  of  the  sound- 
ing body,  and  varies  in  every  different  musical  instruments, 
although  the  note  struck  is  the  same.  There  are  other 
diflPerences  in  sounds,  which  cannot  be  so  easily  reduced  to 
classes  or  genera. 

Sensations  of  sound  differ  according  to  the  direction  of 
the  sounding  body,  although  it  is  difficult  to  understand 
how  differences  in  this  respect  should  reach  the  auditory 
nerves  so  as  to  affect  them.  The  same  sound  coming  from 
points,  the  directions  of  which  from  the  ear  make  an  angle 


•  CuviER,  Legon  13. 


t  Philosophical  Transactiona,  1820. 


206  OUTLINES  OF  PHYSIOLOGY. 

of  10°  or  12°,  is  felt  to  differ ;  but  it  is  probably  from  ex- 
perience only  that  we  learn  to  connect  these  differences 
with  the  true  directions  of  objects. 

Our  judgment  of  the  distance  of  objects  by  means  of  this 
sense,  is  founded  only  on  the  intensity  of  the  sound  ;  and 
the  intensity  that  corresponds  to  each  distance  is  known  by 
expei'ience  only,  which  renders  the  judgment  liable  to  error. 
We  know,  for  example,  by  experience,  the  ordinary  tone 
and  loudness  of  conversation  at  ordinary  distances.  '  When, 
by  reflection  of  sounds  from  concave  surfaces,  the  same 
tones  are  heard  louder  than  usual,  we  judge  the  distance  of 
the  speaker  to  be  less  than  the  reality;  and  in  the  state  of 
syncope,  when  the  same  tones  are  heard  fainter  than  usual, 
we  judge  the  distance  to  be  greater  than  the  reality. 
*  Those  persons  who  can  articulate  distinctly  dui'ing  in- 
spiration, pi'oduce  sounds  which  haA'e  nearly  the  same  tones 
as  are  heard  in  ordinary  conversation,  but  are  much  more 
faint,  and  therefore  deceive  us  as  to  distance ;  and  this  is 
an  essential  part  of  the  art  of  the  ventriloquist.  But  he 
has  no  such  means  of  imitating  those  differences  of  sensa- 
tion by  which  we  judge  of  the  direction  of  sounds;  and 
can  only  attempt  that  by  misleading  the  imagination. 

What  is  propei'ly  called  a  Musical  Ear  differs  from  the 
mere  perception  of  minute  differences  of  sounds,  and  re- 
collection of  their  successions ;  and  is  characterized  by  the 
pleasure  those  possessing  it  derive  from  certain  successions 
of  sounds  only ;  and  by  immediate  observation  of  any  de- 
viation from  the  successions  fitted  to  give  this  pleasiu'e. 
The  circumstances  of  organization  on  which  it  depends  arc 
quite  unknown.  By  the  habit  of  minute  attention  to  the 
differences  of  sounds,  it  is  susceptible  of  much  improve- 
ment; but  the  pleasure  derived  from  it  being  complex 
and  much  connected  Avith  associations,  is  probably  by  no 
means  strictly  proportioned  to  the  degree  of  accuracy  i" 
which  it  is  possessed. 

Before  leaving  the  subject  of  the  external  senses,  it  is 
right  to  mention  the  cases,  in  which  causes  internal  to  the 
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body  produce  sensations,  exactly  similar  to  those  generally 
produced  by  impressions  from  without. 

Hunger,  Thirst,  Anxiety  from  the  want  of  air  in  the 
chest,  most  cases  of  Pain,  and  other  internal  sensations,  de- 
pend on  causes  internal  to  the  body,  but  external  to  the 
nervous  system;  but  there  are  some  cases  of  pain  in  which 
there  is  no  evidence  of  any  cause,  external  to  the  nervous 
system  itself.  And  there  are  two  sets  of  well-known  phe- 
nomena, important  in  pathology  and  practice,  which  must 
be  regarded  as  affections  of  sentient  nerves,  fi'om  causes 
acting  in  the  Nervous  System,  but  in  parts  of  it  distinct  from 
those  to  which  they  are  naturally  referred.  These  are  in- 
dependent of  the  feelings  which  are  strictly  called  Sensa- 
tions of  Emotion,  which  will  be  mentioned  along  with  the 
other  effects  of  emotions  on  the  body. 

I.  The  phenomena  which  are  strictly  called  Sympathetic 
Sensations,  are  of  this  kind.  These  are  cases  where  a  sen- 
sation, distinctly  referred  to  one  part  of  the  body,  is  known 
to  be  produced  by  an  impression  made  on  another  part. 
Of  these  we  may  make  two  divisions. 

1.  The  first  is  where  a  cause  acts  somewhere  in  the 
course  of  sentient  nerves,  or  at  their  origin  at  the  base  of 
the  brain  or  in  the  spinal  cord,  and  the  sensation  produced 
by  it  is  referred  to  the  extremities  of  a  nerve;  because  the 
part  where  it  is  excited  is  the  same,  where  the  nervous 
action,  necessary  to  sensation,  had  formerly  been  produced 
by  impressions  made  on  those  extremities.    Such  sympa- 
thetic sensations  are  illustrated  by  the  sensations  felt  in  the 
stump  of  an  amputated  limb,  and  referred  to  individual  parts 
of  the  limb  that  has  been  removed.    Of  this  kind,  are  the 
sensations  of  a  flash  of  light  from  an  injury  of  the  eyeball 
or  brain ;  the  sensations  of  suffusions,  of  tinnitus  aui'ium, 
of  nausea,  of  aura  cpileptica,  referred  to  the  eyes,  ears, 
stomach,  or  limbs  in  consequence  of  peculiar  diseases  of 
the  brain,  no  doubt  aflFecting  the  origins  of  the  nerves ;  the 
sensation  of  pain  often  referred  to  a  paralytic  limb,  after 
an  attack  of  palsy  from  diseased  brain ;  the  sensation  of 
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])aiii  or  tiglitness  stretching  round  tlie  chest  or  abdomen, 
from  disease  or  irritation  of  the  spinal  cord,  as  in  ]>arai)legia; 
pains  of  various  parts  of  the  lower  limbs  from  the  pressure 
of  aneurisms  of  the  aorta  on  the  spinal  cord  or  lumbar 
nerves ;  and  the  slighter  sensations  of  the  same  kind  seen 
in  hysterical  cases,  and  stated  to  have  been  best  rclie^'ed  by 
remedies  applied  over  the  origin  of  the  intercostal  or  lumbar 
nerves ;  the  sensation  of  pain,  often  referred  distinctly  to  the 
neck,  back,  or  different  limbs,  in  the  course  of  hydrocephalus. 

2.  There  are  many  instances  of  pains  distinctly  referred 
to  one  part  of  the  body,  but  which  are  known,  from  ex- 
pei'ience,  to  proceed  from  irritation  or  disease  of  another 
part.  These  sympathetic  sensations  may,  in  several  cases, 
be  ascribed  to  cotmexions  of  the  sentient  nerves  of  the  parts 
(especially  when  the  part  really  injured  is  internal,  and 
that  to  which  the  feeling  is  referred  is  external,  and  both 
have  their  sentient  nerves  from  the  same  larger  branches), 
and  may  so  be  brought  under  the  same  head  as  the  last ; 
but  we  cannot,  as  yet,  refer  all  such  cases  to  this  principle. 

Of  this  kind  are,  the  pain  of  the  shoulder  from  disease 
of  the  liver  or  diaphragm  ;  pain  of  tlie  urethra  and  glans 
from  disease  or  irritation  of  the  bladder  ;  pain  of  the  testis 
and  thigh  from  irritation  of  the  kidney  ;  pain  of  the  si(fe  of 
the  neck  and  head,  and  of  the  left  arm,  from  disease  of  the 
heart ;  pain  of  the  back  from  disease  or  irritation  of  the 
uterus  ;  pain  (and  spasms)  of  the  legs  from  irritation  of  the 
intestines,  as  in  cholera ;  pain  of  the  knee  from  disease  of  the 
hip-joint  in  the  morbus  coxarius  ;  pain  of  the  forehead  from 
irritation  at  the  stomach  ;  pain  of  the  cheek  or  temple 
from  irritation  of  a  tooth  ;  itching  of  the  nostrils  from  irri- 
tations in  the  bowels;  the  uneasy  feeling  referred  to  the 
teeth  from  harsh  grating  sounds  ;  and  various  other  less 
frequent  sensations,  in  constitutions  of  unusual  delicacj'^  as 
to  sensibility,  which  are  distinctly  referred  to  one  part  of 
the  body,  but  traced  to  irritation  of  other  parts. 

In  both  these  cases  it  is  often  observed,  that  there  is  not 
only  the  mistaken  judgment,  as  to  the  seat  of  the  cause  ex- 
citing the  sensation,  but  some  physical  effect  ( e.  g.  inflam- 
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mation  in  a  greater  or  less  degree),  follows  in  the  part  to 
which  the  sensation  is  referred,  which  implies  that  some 
change  is  really  propagated  downwards,  along  the  sentient 
nerves  of  these  parts  to  their  extremities,  which  excites 
their  sensations,  and  may  also  influence  the  capillary  cir- 
culation in  their  neighbourhood, 

II.  Another  set  of  facts  wliich  must  be  refeiTed  to  the 
head  of  sensations  proceeding  from  internal  causes,  but  ex- 
actly resembling  those  excited  by  impressions  from  with- 
out, consists  of  cases  of  Spectral  appearances,  or  sounds, 
ditfering  from  the  sympathetic  sensations  now  considered,  in 
being  exact  representations  of  certain  definite  and  complex 
impressions  on  the  higher  senses;  and  differing  from  mere 
recollections,  or  fancied  scenes,  in  being  equally  ^^vid  and 
distinct,  and  equally  beyond  the  control  of  any  voluntary 
mental  effort,  as  the  sensations  excited  by  real  impressions 
from  without. 

The  most  common  case  of  such  spectral  appearances,  is 
in  persons  under  the  influence,  or  recently  recovered  from 
the  influence,  of  opium  or  of  strong  liquors ;  but  they  oc- 
cur occasionally  in  persons  of  what  is  usually  called  Ner- 
vous temperament,  independently  of  any  such  cause  *. 

Cases  recorded  by  Dr  Bostock,  (System  of  Physiology, 
vol.  iii.  p.  204),  and  others  prove,  that  these  spectral  ap- 
pearances are  not  merely  the  repetition  of  past  sensations, 
but,  in  some  instances,  differ  from  any  thing  that  has  ever 
been  presented  to  the  senses ;  in  whic'h  case,  their  excita- 
tion implies  the  exercise  of  that  mental  power  which  is 
strictly  called  Imagination. 

It  was  formerly  stated,  that  the  sensations,  and  other 
mental  feelings,  so  easily  reproduced  during  darkness  and 
silence,  after  unusual  muscular  exertions,  or  unusually 
strong  impressions  on  the  senses,  as  well  as  other  facts 
pretty  clearly  indicate,  that  the  nervous  system  is  not  pas' 

•  See  the  works  of  Ai.dek3on,  FEaHiAB,  and  Hibbeht,  on  Appari- 
tions, and  AflKKcnoMBiE  on  the  Intellectual  Powers. 


O 


210 


OUTl,li\ES  OF  ri-IYSIOLOGY. 


sivc  during  the  performance  of  its  different  functions,  but 
undergoes  various,  altliough  imperceptible,  changes  cor- 
responding to  them  all.  It  is  probable  that  a  slight  de- 
gree of  the  same  changes,  in  the  sensitive  nerves,  which 
accompanied  the  original  excitation  of  all  sensations,  may 
accompany  every  act  of  recollection  of  these ;  and  that 
similar  changes  may  attend  acts  of  imagination,  by  which 
imitations  of  objects  of  sense  are  created  in  the  mind 
(in  which  opei'ations  we  shall  find  that  the  mind  acts  fpi* 
the  most  part  involuntarily) ;  and  if,  on  particular  occa- 
sionsj  these  physical  changes  are  in  any  way  rendered 
stronger  and  more  enduring  than  usual,  it  is  only  in  con- 
formity with  principles  already  stated,  and  to  be  after- 
wards more  fully  explained,  that  they  should  impress  the 
mind,  for  the  time,  with  the  idea  of  the  external  and  inde- 
pendent existence  of  the  causes  exciting  them. 

Various  cases  have  been  recorded,  at  different  times,  in 
which  it  was  thought  that,  during  a  singular  excited  state 
of  the  nervous  system  (called  Somnambulism  or  Reverie), 
slight  impressions,  on  the  sense  of  touch  only,  were  follow- 
ed by  sensations  in  the  organs  of  the  special  senses,  which 
gave  correct  information  of  kinds  coming  within  the  pro- 
vince of  these  special  senses.  We  cannot  conceive  that 
the  conditions  which  appear  to  be  essential  to  the  exer- 
cise of  these  senses,  can  be  imitated  in  this  way;  and  the 
moral  evidence,  attending  such  alleged  cases  of  trans- 
ference of  the  sensual  powers  from  one  part  to  another,  is 
very  liable  to  suspicion  ;  yet  there  is  a  striking  similarity 
in  the  different  cases  of  this  kind,  recorded  by  different 
observers,  unknown  to  each  other,  which  demands  farther 
inquiries,  before  we  can  think  ourselves  entitled  finally  to 
reject  such  observations  as  mere  fallacies  *. 

"  See  RosTAN,  Art.  Magnetisme  Animal,  in  the  Dictionnaire  de  Me- 
decine,  and  especially  Behtiiand  "  Du  Magnetisme  Aninial  en  France." 
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CHAPTER  XIII. 

OF  THE  MENTAL  FACULTIES. 

The  sensations  which  we  feel  in  consequence  of  exter- 
nal impressions,  are  manifestly  instrumental  in  exciting, 
and  are  continually  mingled  with,  certain  other  internal 
changes,  of  which  we  are  conscious,  and  to  which  we  give 
the  general  names  of  Trains  or  Successions  of  Thoughts. 

The  method  of  inquiry  which  it  is  necessary  to  pursue, 
in  order  to  acquire  satisfactory  information  as  to  these  ope- 
rations of  our  minds,  is  just  the  same  as  that  which  is  fol- 
lowed in  the  physical  sciences ;  consisting  first  in  the  care- 
ful observation,  and  then  in  the  comparison  and  classifica- 
tion, of  individual  facts,  whereby  we  acquire  the  know- 
ledge of  general  principles,  or  laws  of  this  department  of 
nature ;  by  reference  to  which  other  individual  facts  may 
be  explained,  when  they  have  taken  place,  and  be  antici- 
pated when  they  are  about  to  take  place.  But  as  atten- 
tion to  the  changes  which  take  place  in  our  own  minds  re- 
quires a  peculiar  and  often  painful  effort,  to  which  few 
men  have  carefully  accustomed  themselves,  and  as  the 
words  employed  to  denote  the  transitory  thoughts  or  states 
of  mind  of  which  we  are  conscious,  are  necessarily  ana- 
logical, and  very  easily  misapprehended,  there  has  been  a 
want  of  precision  in  the  conduct  of  most  inquiries  on 
this  subject,  as  compared  with  those  made  into  the  laws 
of  the  material  world  ;  and  the  results  have  been  less  satis- 
factory. 

In  particular,  two  important  errors  may  be  pointed  out 
in  the  conduct  of  different  inquirers  on  this  subject.  Some 
have  assimilated  them  too  much  to  physical  researches, 
and  have  refused  to  acknowledge,  or  not  appreciated  the 
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importance  of,  those  distinctions  among  mental  plieno- 
mena,  which  do  not  correspond  to  physical  changes,  either 
immediately  preceding  or  immediately  following  them. 
This  is  the  most  common  error  of  physiologists  who  spe- 
culate on  these  subjects. 

Others  again,  estranging  themselves  too  much  from  the 
simple  observation  of  facts,  have  engaged  in  much  vision- 
ary speculation,  and  in  many  verbal  controversies  regard- 
ing the  mental  phenomena,  which  not  only  lead  to  no  prac- 
tical result,  but  often  appear  to  be  directed  to  no  definite 
object. 

In  order  to  avoid  both  those  kinds  of  error,  all  that 
seems  necessary  is,  first,  To  recognise  the  necessity  of 
patient  attention  to,  and  reflection  upon,  the  different 
thoughts  that  pass  thi'ough  our  own  minds,  as  the  only 
foundation  of  accurate  knowledge  in  this  department  of 
science ;  secondly,  To  define  strictly,  and  observe  carefully, 
the  meaning  of  all  the  words  employed  to  denote  the 
changes  of  which  we  are  conscious  ;  thirdly.  To  understand 
distinctly  the  objects  of  inquiry  into  the  operations  of  the 
mind,  and  the  limits  which  nature  has  -imposed  on  the 
gratification  of  curiosity  on  this  subject,  and  which  are 
just  similar  to  those  that  circumscribe  our  researches  in 
all  other  departments  of  science. 

The  first  observation  that  may  be  made  on  the  thoughts 
of  which  we  are  conscious,  is,  that  they  are  all  traiisient,  or 
in  a  continual  state  of  change,  one  act  or  state  of  mind 
passing  away,  and  another  succeeding.  Hence  two  in- 
quides  naturally  present  themselves,  which  have  not  per- 
haps been  so  carefully  distinguished  as  they  might  have 
been;  1.  Into  the  nature  or  characteristics  of  the  different 
acta  or  affections  of  mind  that  succeed  one  another ;  and 
2.  Into  the  laws  which  regulate  their  succession. 

I.  The  exercise  of  our  senses  naturally  and  immcdijite- 
ly  leads  us  to  form  certain  general  ideas  or  notions,  the 
tendency  to  the  formation  of  which  has  been  called  by 
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some  metaphysicians,  the  Power  or  Faculty  of  Simple  Ap- 
prehension ;  and  in  connexion  with  these,  we  have  a  na- 
tural disposition  to  put  faith  in  certain  propositions  or 
principles,  Avhich  have  been  called  by  Dr  Reid,  Principles 
of  Common  Sense,  and  by  Mr  Stewart,  perhaps  more 
correctly.  Fundamental  Laws  of  Human  Belief ;  of  which 
no  proof  can  be  given ;  which  we  know,  not  from  Reason- 
ing, nor  from  Experience,  but  by  Intuition  ;  and  our  con- 
fidence in  which  must  be  stated  as  an  ultimate  fact  in  the 
constitution  of  our  minds.  A  little  attention  to  the  exist- 
ence, and  to  the  authority,  of  these  laws  of  belief,  will  en- 
able us  to  set  aside  a  great  deal  of  useless  controversy, 
and  simplify  our  account  of  the  mental  part  of  our  con- 
stitution. 

Acquiescence  in  these  principles  is,  in  fact,  equally  ne- 
cessary in  the  prosecution  of  physical,  or  even  of  mathe- 
matical science,  as  of  metaphysics ;  but  in  the  former 
sciences,  they  have  T)een  always  tacitly  admitted s  and  on- 
ly brought  into  question  in  the  latter,  because  it  is  only  in 
the  latter  that  the  instruments  by  which  truth  is  sought, 
are  themselves  made  subjects  of  discussion.  But  as  we  have 
no  instruments  to  apply  to  inquiries  into  the  mind  itself, 
different  from  those  which  we  employ  in  the  other  sciences, 
we  must  be  content  to  use  them  in  the  same  manner,  and 
trust  them  equally;  otherwise  we  must  abandon  the  la- 
bo  ui'. 

"  All  reasoning,"  says  Dr  Reid,  "  must  be  from  first 
principles,  and  for  first  principles  no  other  reason  can  be 
given  than  this,  that,  by  the  constitution  of  our  nature,  we 
are  under  the  necessity  of  assenting  to  them.  Such  prin- 
ciples are  parts  of  our  constitution,  no  less  than  the  power 
of  thinking.  Reason  can  neither  make  them  nor  destroy 
them,  nor  can  it  do  ainy  thing  without  them.  We  cannot 
prove  the  existence  of  our  minds,  nor  even  of  our  thoughts 
and  sensations.  A  historian  or  a  witness  can  prove  no- 
thing, unless  it  be  taken  for  granted  that  the  memory  and 
tlie  senses  may  be  trusted.  A  natural  philosopher  can 
prove  nothing,  unless  it  be  taken  for  granted,  that  the 
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course  of  nature  is  uniform,  or  her  laws  permanent.  That 
my  thoughts  and  sensations  must  have  a  subject  which  I 
call  myself,  is  not  an  opinion  got  by  reasoning,  but  a  na- 
tural principle.  The  belief  of  it,  and  the  very  conception 
of  it,  are  equally  parts  of  our  constitution.  If  we  are  de- 
ceived in  it,  we  are  deceived  by  Him  that  made  us,  and 
there  is  no  remedy." 

"  Deny  the  evidence  of  memory  as  a  ground  of  certain 
knowledge,"  says  Mr  Stewart,  "  and  you  destroy  the 
foundations  of  mathematical  science,  as  completely  as  if 
you  were  to  deny  the  truth  of  the  axioms  of  Euclid  ;" 
but  no  man  can  give  a  reason  for  believing  in  what  he  re- 
members, any  more  than  in  what  he  feels. 

Those  who  do  not  put  faith  in  any  such  fundamental 
laws  of  belief  as  are  here  mentioned,  are  thereby  disquali- 
fied for  scientific  inquiries  of  all  kinds,  equally  as  they 
would  be  by  the  loss  of  the  faculty  of  memory ;  because  it 
is  manifestly  absurd  for  any  one,  who  has  determined  that 
he  will  believe  nothing,  to  engage  in  the  pursuit  of  know- 
ledge. 

But  those  who  admit  that  there  are  some  principles 
which  must  be  believed,  for  no  other  reason  than  that  we 
cannot  help  believing  them,  may  reasonably  inquire,  in  re- 
gard to  any  individual  principle,  which  commands  the 
general  assent  of  mankind,  whether  it  is  really  of  this 
kind,  or  whether  the  belief  reposed  in  it  can  be  founded  on 
any  fallacy. 

It  is  only  by  careful  reflection,  on  the  circumstances 
in  which  these  articles  of  belief  take  possession  of  our 
minds,  that  we  can  judge  on  this  point ;  but  the  followuig 
have  been  stated  as  the  most  distinctive  marks  of  those 
principles,  which  we  are  entitled  to  regard  as  fundamen- 
tal laws  of  human  thought. 

1.  These  principles  are  formed,  and  in  the  first  instance 
believed,  uniformly  by  all  men,  and  in  all  circumstances, 
and  do  not  appear  to  be  influenced  by  any  accidents,  of 
situation,  habits,  or  previous  associations  of  individuals. 

2.  They  are  of  such  a  nature,  that  they  can  neither  be 
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attacked  nor  defended,  in  any  other  way  tlian  by  reference 
to  principles,  which  are  not  more  universa],  and  have  no 
other  foundation  than  themselves. 

3.  Their  practical  influence  is  found  to  extend,  even  to 
those  who  affect  to  question  their  authoi-ity  *. 

Judging  by  these  marks,  and  by  carefully  attending  to 
the  natural,  uniform,  and  irresistible  tendency  of  our  own 
minds,  we  believe  that  the  following  principles,  so  formed, 
may  be  regarded  as  belonging  to  the  class  of  fundamental 
laws  of  belief. 

1.  The  belief  in  the  existence  of  the  sensations  and 
thoughts  which  pass  through  our  minds,  and  in  our  own 
existence,  as  sentient  and  thinking  beings, — or  the  faith  we 
repose  in  the  Evidence  of  Consciousness. 

2.  The  belief  in  what  we  remember  to  have  felt  or  thought, 
or  in  the  Evidence  of  Memory,  and  in  our  own  Identity 
during  the  whole  time  to  which  our  memory  extends,  which 
implies  the  formation  of  the  general  idea  of  Time. 

3.  The  belief,  already  mentioned,  in  the  external  and  in- 
dependent existence  of  the  causes  of  our  sensations,  or  in 
the  Evidence  of  Sense,  which  involves  the  formation  of  the 
general  idea  of  Space  -f*. 

"  See  Stewart's  Elements  of  the  Philosophy  of  the  Human  Mmd 
vol.  ii.  ch.  i.  art.  2.  &,  3. 

t  The  sceptical  argument  against  this  universal  belief,  when  reduced 
to  its  simplest  terms,  appears  to  be  this.  That  we  know  nothing  of  any  ex- 
istences external  to  our  own  minds,  except  by  means  of  those  feelings 
which  we  call  Sensations,  and  therefore  that  "  the  material  world,  if  such 
there  be,  must  .be  the  express  image  of  our  sensations  ;"  but  that  a  sensa- 
tion is  a  mental  change  only,  and  it  is  absurd  to  suppose  that  any  thing 
can  resemble  a  sensation,  except  another  sensation  in  the  same,  or  an- 
other  mind. 

The  answer  given  by  Dr  Reid  and  others  to  this  argument  is,  Tliat  al- 
though it  is  by  means  of  sensations  that  we  acquke  our  knowledge  of 
external  things  and  their  properties,  yet,  in  point  of  fact,  the  notions 
which  our  minds  are  so  constituted  as  uniformly  and  necessarily  to  form 
of  these  (at  least  in  the  case  of  the  primary  and  most  essential  qualities 
of  bodies  already  noticed,  p.  241),  have  no  resemblance  whatever  to  the 
sensations,  through  the  intervention  of  which  they  are  formed;  that  the 
material  world,  as  made  known  to  us  tln-ough  our  senses,  is  not  the  express 
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4.  The  belief  in  the  existence  of  an  Efficient  Cause,  for 
the  changes  that  we  see  take  place  around  us,  which  im- 
plies the  formation  of  the  general  idea  of  Power. 

Here  it  is  to  be  observed,  that  our  senses  never  inform 
us  of  any  events  in  nature  as  being  causes  of  other  events, 
in  any  other  way  than  by  showing  that  they  are  immediate 
and  invariable  antecedents  of  these.  It  is  only  by  experi- 
ence of  the  consequences  which  follow  any  change,  that  we 
learn  what  consequences  to  anticipate,  when  we  see  the 
same  change  again. 

But  although  this  be  the  case,  most  philosophers  have 
thought,  that  the  mere  observation  of  changes  in  the 
world  around  us  naturally  suggests  to  the  mind,  not  only 
the  facts  of  antecedence  and  consequence,  but  farther,  a 
general  notion  or  idea,  which  we  express  by  the  term 
Power ;  and  the  notion  thus  expressed,  being  truly  an  at- 
tribute of  Mind,  is  considered  as  the  first  step  in  Natural 
Theology  *. 

image  of  our  sensations,  nor  does  it  resemble  them  in  any  particular ;  and 
therefore,  that  although  our  notions  of  its  nature,  and  belief  in  its  exter- 
nal existence,  cannot  be  explained,  and  may  be  said  to  involve  a  mystery,  as 
every  ultimate  fact,  whether  in  physics  or  metaphysics,  does,  yet  they  in- 
volve no  absurdity.  The  essential  point  of  this  answer  is  not  correctly 
stated  by  Dr  Brown  in  his  criticism  on  it. 

"  That  this  is  a  fact  in  the  natural  history  of  the  mmd  is  denied  by 
others,  and  especially  by  Dr  Brown,  who  argues  that  no  farther  idea  is 
annexed  to  the  term  Power,  than  merely  "  invariable  antecedence,"  and 
that  the  mere  observation  of  the  changes  of  physical  events  would  never 
suggest  the  notion  of  any  attribute  of  mind,  that  bemg  only  suggested,  ac- 
cording to  hini,  by  the  observation  of  contrivance,  or  adaptation  of  means 
to  ends.    (Lecture  7-) 

But  that  a  general  notion,  distinct  from  mere  uniformity  of  sequence, 
and  most  correctly  expressed  by  the  term  Power,  does  suggest  itself  to 
the  mind,  on  the  mere  observation  of  physical  changes,  appears  not  only 
to  be  sufficiently  proved  by  considerations, stated  by  Mr  Stewart  (Out- 
lines of  Moral  Philosophy,  §  257),  but  to  be  distinctly  admitted  by  Dr 
Brown  himself,  in  other  parts  of  his  Lectures.  Thus,  in  speculating  on 
what  would  have  been  the  effect  "  if  the  generations  of  mankind  could 
have  existed  in  a  world  of  darkness,  and  then  tlie  sun  had  arisen  suddenly 
on  the  earth,"  he  says  it  would  have  been  sufficient  to  show,  "  that  there 
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5.  The  belief  in  the  stability  of  the  Order  of  Nature, 
which  is  necessary  to  enable  us  to  apply  the  experience  of 
the  past  to  the  conduct  of  our  lives,  or  the  knowledge  of 
natural  phenomena  acquired  by  one  person,  to  the  instruc- 
tion of  others.  This  belief  is  judged  not  to  be  the  result  of 
experience,  because  it  may  be  observed  to  operate  the 
most  strongly  in  those  whose  experience  is  most  scanty, 
and  in  relation  to  subjects  which  are  perfectly  new  to 
them  *.  Indeed  several  philosophers  teach,  that  our  belief 
in  the  independent  existence  of  external  things,  being 
founded  on  a  repetition  of  sensations,  is  resolvable  into  this 
principle  of  our  nature. 

6.  Our  belief  in  our  own  Free  Will,  involving  the  gene- 
ral idea  of  Voluntary  Power,  in  like  manner  attends  a  part 
of  those  mental  changes,  which  the  exercise  of  sensation 
excites. 

In  regard  to  this,  just  as  in  regard  to  the  other  princi- 
ples now  stated,  it  is  a  fair  question,  whether  there  is  any 
reason  for  thinking  that  the  feeling  of  voluntary  power, 
which  undoubtedly  attends  certain  acts  of  the  mind,  can  be 
fallacious.    But  if  no  irresistible  reason  be  stated  against 
the  belief,  it  is  unreasonable  and  unphilosophical  for  us  to 
ask,  because  it  is  impossible  for  us  to  obtain,  any  other 
reason  for  the  belief,  than  the  fact,  that  in  performing  cer- 
tain of  the  mental  acts,  of  which  we  are  conscious,  we  are 
naturally  and  uniformly  impressed  with  the  conviction, 
that  we  may  do  so  or  not  as  we  please.    If  no  clear  proof 
be  given,  that  this  conviction  is  erroneous,  and  that  the  ge- 
neral notion  of  free  will  which  it  involves  is  a  fallacy,  all 

is  a  Power  which  can  create.''''  "  The  sudden  appearance  of  the  sun  would 
have  indicated  Power  of  some  sort ;"  and  again,  "  After  a  few  successions 
of  days  and  nights,  its  regularity  would  add  to  the  previous  conception  of 
Power  some  conception  of  corresjionding  order ;  (Lecture  92).  This  pas- 
sage, and  others  to  the  same  purpose,  sufficiently  demonstrate  that  the 
conception  o?  sudden  and  striking  change  was  sufficient  to  inti'oduce  the  idea 
of  Power,  exactly  as  commonly  understood,  even  to  a  mind  that  had  de- 
nied the  possibility  of  its  introduction  in  that  way. 

•  See  Stewart's  Elements,  vol.  ii.  chap.  1.  sect.  3. 
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that  vvc  have  to  do  is  to  state,  in  the  course  of  oui*  account 
of  the  diffei'ent  mental  phenomena,  what  the  circumstances 
are,  in  which  it  uniformly  and  spontaneously  arises  in  our 
minds. 

What  has  already  been  said  of  Sensation,  and  of  these 
diflferent  acts  of  Thought,  which  naturally  and  inevitably 
succeed  sensation  in  every  individual  of  sound  mind,  is 
sufficient  to  show  that  the  only  foundation  of  much  of  our 
belief,  and  the  only  source  of  much  of  our  knowledge,  is  to  be 
found  in  the  constitution  of  our  own  minds  Not  only  are 
the  notions  that  we  form  of  the  qualities  of  external  things, 
which  affect  our  senses,  totally  different  from  our  sensa- 
tions themselves,  but  certain  general  ideas,  which  inevita- 
bly arise  in  our  minds,  in  consequence  of  the  exercise  of 
our  senses,  are  at  once  perceived,  when  the  attention  is 
fairly  fixed  on  them,  to  have  an  extent  of  application  far 
beyond  what  the  senses  themselves  can  ever  i-each.  The 
simple  notion  of  our  own  existence,  which  is  sufficiently 
suggested  to  our  minds  by  the  occurrence  of  any  single 
sensation,  instantly  extends  to  the  whole  period  of  which 
our  memory  gives  us  any  information.  The  notion  of 
Power,  or  Causation,  which  may  be  suggested  by  the 
observation  of  a  single  striking  change  in  the  world  around 
us,  is  immediately  judged  to  be  applicable  to  all  changes 
without  exception.  The  notion  of  Time  is  no  sooner  form- 
ed, than  it  swells  in  the  human  mind  to  Eternity,  as  sure- 
ly as  the  notions  of  Space  and  of  Number  to  Infinity. 

Even  from  these  simple  instances,  it  appears,  how  neces- 
sary an  addition  was  made  to  the  scholastic  maxim,  "  Nihil 
in  intellectu  quod  non  fuerit  prius  in  sensu,"  by  the  words 
"  Nisi  intellectus  ipse  * and  how  extended  a  meaning 
we  must  annex  to  the  word  Reflection,  if  we  assent  to  the 
doctrine  of  Locke,  that  all  our  knowledge  is  derived  from 
Sensation  and  Reflection.  Although  "  sensible  objects 
may  be  the  destined  medium  to  awaken  the  dormant  ener- 
gies of  the  understanding,  yet  are  these  energies  thcm- 

*  Leibnitz. 
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selves  no  more  contained  in  sense,  than  the  explosion  of  a 
cannon  in  the  spark  that  gave  it  fire." 

It  is  next  to  be  observed,  that  many  of  the  mental  acts, 
which  are  felt  as  constituting  our  ti-ains  of  thought,  consist 
in  a  certain  renewal,  or  what  we  call  Recollection  of  past 
Sensations.  The  act  or  state  of  mind  which  constitutes  such 
a  recollection  is  felt  as  much  slighter,  and  much  more  tran- 
sient, than  that  which  followed  the  impression  formerly  made 
on  some  one  of  the  senses,  but  is  precisely  similar  to  it.  To 
this  act  of  mind  the  term  Conception  is  properly  restricted. 

Farther,  this  act  of  mind,  transient  as  it  is,  always 
carries  along  with  it  a  conviction,  that  a  precisely  similar 
state  formerly  existed  in  consequence  of  an  impression  on 
the  senses ;  and  to  this  conviction  of  past  existence^  attend- 
ing the  consciousness  of  the  present  existence,  of  this  or 
any  other  mental  act,  we  properly  refer  when  we  use  the 
term  Recollection,  or  Memory. 

The  act  of  mind,  distinguished  by  these  last  terms,  is  so 
very  frequent  and  important,  that  it  accompanies  or  imme- 
diately succeeds  almost  all  others,  and  appears,  on  con- 
sideration, to  be  essential  to  the  formation  of  our  simplest 
notions  of  the  qualities  of  objects,  and  to  the  other  mental 
acts  which  immediately  result  from  sensation. 

The  Conceptions,  or  renewed  images  of  past  sensations, 
present  themselves  to  the  mind  in  succession,  and  mingled 
with  other  thoughts,  but  independently  of  any  effort  of  the 
will ;  the  degree  of  indirect  power  which  the  will  has  over 
them  will  be  considered  afterwards,  but  it  may  easily  bo 
observed,  that  no  such  effort  is  necessary,  in  order  that 
conceptions  may  present  themselves  in  various  number  and 
order.  And  on  reflection  on  such  involuntary  successions 
of  images  in  the  mind, — particularly  on  such  as  from 
any  cause  impress  themselves  more  strongly,  and  remain 
longer,  than  usual,— it  is  thought  by  several  metaphy- 
sicians, that  there  is  a  natural  tendency  of  the  mind  to 
conceive  them  as  representing  external  and  independent 
existences,  in  like  manner  as  sensations  do.  This  tendency 
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is  instantly  checked,  and  prevented  from  leading  to  a  false 
judgment  of  the  mind,  by  two  circumstances : — 1.  Although 
each  conception  is  involuntarily  presented  to  the  mind,  yet 
we  ai'e  conscious  of  a  voluntary  power  either  of  retaining 
it,  and  fixing  our  attention  on  it,  or  of  letting  it  pass  off, 
which  naturally  leads  us  to  believe,  that  it  has  no  existence 
independent  of  the  mind  that  is  conscious  of  it : — 2.  The 
conceptions  are  continually  intermingled  with  real  sensa- 
tions, dependent  on  impressions  from  without,  which  con- 
A'ey  to  us  a  notion,  known  to  be  correct,  of  external  and 
independent  existence  ;  and  which  we  feel  to  be  widely 
diiferent  from  the  conceptions,  and  often  to  be  incompati- 
ble with  the  external  existence  of  any  causes  corresponding 
to  these. 

That  there  is  a  natural  tendency  to  believe  in  the  pre- 
sent external  and  independent  existence  of  the  causes  of 
our  conceptions,  as  well  as  of  our  sensations,  appears 
probable  from  the  state  of  our  minds,  when  many  vivid 
recollections  of  past  sensations,  or  fancied  images  closely 
resembling  such  recollections,  with  little  interruption 
either  from  present  sensations  or  voluntary  eflForts,  are 
called  up  by  an  interesting  narrative  read  or  heard ;  and 
still  more  by  the  state  of  mind  during  Sleep,  when  both 
the  checks,  stated  above,  to  the  belief  reposed  in  them,  are 
withdrawn  (sensations  being  little  felt,  and  voluntary 
efforts  suspended);  and  when  the  same  belief  attends 
conceptions,  as  attends  sensations  and  perceptions  in  our 
waking  hours  *. 

These  statements  are  important  as  illustrating  the  forma- 
tion of  delusions  in  Delirium  and  Mania,  when,  in  conse- 
quence of  conceptions  (and  other  acts  of  thought  to  be 
afterwards  mentioned)  being  more  vivid,  and  more  lasting 
than  usual,  and  absorbing  the  attention  more  completely, 
their  causes  ai-e  believed  to  have  a  separate  and  indepen- 
dent existence,  just  as  those  of  sensations  are  in  the 
healthy  state. 

Tlie  power  or  disposition  of  the  mind  to  form,  at  any 
•  See  Stewakt's  Elements,  voL  i.  chap.  iii. 
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future  period,  the  conception  of,  i.  e.  to  remember,  any 
sensation,  or  indeed  any  former  act  of  thought,  depends 
very  much  on  the  circumstances  in  which  the  oi'iginal 
impression  is  made,  and  especially  on  the  state  of  the  ner  - 
vous  system  at  the  time :  For  sensations  felt  in  youth  are 
longer  remembered  than  those  which  are  first  felt  in 
advanced  life;  and  impressions  made  on  the  senses  during 
intoxication,  during  sleep  (provided  they  do  not  interrupt 
sleep),  or  during  certain  diseased  states  of  the  nervous  sys- 
tem, although  they  cause  sensation,  and  even  some  of  the 
usual  effects  of  sensation,  both  mental  and  bodily,  are  yet 
very  imperfectly,  or  not  at  all  remembered. 

Next,  a  very  important  part  of  the  trains  of  thought, 
which  the  exercise  of  the  senses  excites  in  the  mind  (and 
which  implies  indeed  an  exercise  of  the  different  faculties 
already  considered),  consists  of  acts  of  Abstraciion,  by 
which  we  separate  from  the  complex  sensation  or  concep- 
tion, corresponding  to  any  individual  object,  certain  of  the 
qualities  which  that  object  possesses,  and  make  them  dis- 
tinct objects  of  attention  ;  thereby  both  forming  to  our- 
selves general  or  abstract  ideas  or  notions,  and  likewise 
enabling  ourselves  to  form  classes  or  genera  of  objects. 
Thus  when  we  compare  any  two  bodies,  and  observe  them 
to  be  both  black  or  both  white, — compare  two  animals, 
and  observe  them  to  be  both  quadrupeds, — two  flowers, 
and  observe  them  to  be  both  fragrant, — we  begin  to  ex- 
ercise this  faculty  of  abstraction,  which  enables  us  to 
occupy  ourselves  with  the  general  relations  of  things,  and  to 
classify  and  methodize  our  knowledge.  The  nature  of  this 
mental  operation  is  perhaps  best  expressed  by  the  term 
used  by  Dr  Brown,  the  Suggestion  of  Relations. 

It  is  obvious  (on  a  little  reflection),  that  the  general 
qualities  of  objects,  expressed  by  such  terms  as  white, 
black,  tall,  short,  round,  square,  &c.  and  that  the  general 
classes  of  objects,  as  plant,  animal,  horse,  dog,  formed  by 
attention  to  their  respective  qualities,  and  relations  to  each 
other, — have  no  real  external  existence,  but  belong  only 
to  the  individuals  referred  to  these  classes,  or  invested 
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with  these  qualities ;  and  it  has  even  been  disputed  whether 
any  definite  notions  of  these  abstract  qualities,  or  of  the 
classes  distinguished  by  means  of  them,  are  ever  formed  in 
the  mind, — some  philosophers  thinking  that  it  is  only  by 
means  of  the  words  employed  to  denote  such  abstract  ideas, 
that  we  are  enabled  to  make  them  objects  of  thought. 
This  is  the  substance  of  the  metaphysical  dispute  between 
Realists,  Nominalists,  and  Conceptualists.  But  it  appears 
beyond  doubt,  that  the  operation  of  the  mind,  by  which 
the  relations  of  things  are  perceived,  and  by  help  of  which 
the  objects  of  our  knowledge,  are  arranged  into  classes,  is 
not  only  independent  of  language,  but  is  a  necessary 
preliminary  to  the  use  of  all  abstract  or  general  terms  *. 

It  is  important  to  observe  how  generally,  by  means 
of  this  faculty  of  mind,  and  of  the  general  notions  al- 
I'eady  mentioned  as  immediately  succeeding  sensation,  our 
thoughts  are  elevated  above  individual  objects  of  sense,  and 
occupied  about  what  are  called  abstract  ideas,  or  classes  of 
objects  ;  and  this  is  well  illustrated  by  the  nature  of  lan- 
guage ; — for  there  is  only  one  class  of  words  (substantive 
nouns),  and  only  a  part  of  these,  which  express  what  is  in- 
dividual ;  all  others  denoting  either  classes  of  objects,  com- 
prising many  individuals  ;  or  qualities,  or  events,  common 
to,  or  contingent  upon,  many.    This,  accordingly,  is  the 

"  See  Brown's  Lectures  ;  Lecture  46  and  47-  The  following  sen- 
tences contain  a  summary  of  his  doctrine  on  tliis  subject,  which  is  substan- 
tially  the  same  as  that  of  various  other  authors,  and  appears .  satisfactory  : 
— "  We  perceive  two  or  more  objects.  This  is  one  state  of  the  mind. 
"We  are  struck  with  the  feeling  of  their  resemblance  in  certain  respects. 
This  is  a  second  state  of  the  mind.  then,  thirdly,  give  a  name  to 

these  circumstances  of  felt  resemblance,— a  name  which  is  of  course  ap- 
plied  afterwards  only  where  this  relation  of  similarity  is  felt.  It  is  un- 
q^uestionably  not  the  name  that  produces  the  feeling  of  resemblance,  but 
the  feeling  of  resemblance  which  leads  to  the  invention  or  application  of 
the  name ;  for  it  would  be  equally  just  and  philosophical  to  say,  that  it  is 
the  name  of  the  individual  John  or  "WUUam  which  gives  existence  to  the 
individual  Jolm  or  William,  and  that  he  was  nobody,  or  nothing,  till  the 
name  was  given, — as  to  say  that  the  name  IMan,  which  includes  both  John 
and  William,  is  that  which  includes  our  notion  of  their  resemblance ;  and 
that  but  for  the  name,  we  could  not  have  conceived  them  to  have  any 
«)mmon  properties." 
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faculty,  the  more  perfect  possession  of  wliicli  appears  to 
furnish  the  most  essential  and  fundamental  distinction  be- 
tween the  human  intellect  and  that  of  the  lower  animals. 

Again,  in  reflecting  On  such  acts  of  thought,  a  farther 
distinction  presents  itself;  the  mind  not  only  forms  gene- 
ral notions  of  the  qualities  or  relations  of  objects,  but  like- 
wise perceives  and  decides  on  the  relations  of  different  ob- 
jects to  one  another,  or  to  these  abstract  ideas  of  its  own 
formation ;  as  when  the  separate  conceptions  of  two  qua- 
drupeds not  only  suggest  to  us  the  general  idea  of  resem- 
blance, and  the  general  class  of  quadrupeds,  but  likewise 
fix  the  relation  which  each  of  these  individuals  bears  to 
those  general  notions  ;  and  this  is  what  is  strictly  meant  by 
the  mental  faculty  or  power  of  Judgment.  A  succession 
of  individual  acts  of  this  kind  takes  place  when  we  apply 
our  experience  of  individual  sensations  to  the  formation  of 
classes  of  objects,  and  to  the  determination  of  laws  of  na^ 
ture  ;  and  again,  when  we  deduce  certain  conclusions,  either 
from  ascertained  laws  of  nature,  as  in  physics,  or  from  ar- 
bitrary definitions  of  our  own,  as  in  mathematics. 

In  exercising  this  faculty  of  Judgment,  we  are  guided, 
or  our  judgments  are  determined,  partly  by  the  knowledge 
we  have  acquii-ed,  or  the  definitions  we  have  laid  down,  of 
the  subjects  on  which  our  thoughts  are  occupied,  and  part- 
ly by  the  intuitive  principles  or  laws  of  belief  already  men- 
tioned. 

All  the  acts  of  mind  hitherto  mentioned  are  said  to  be 
simply  Intellectual ;  they  cannot  be  strictly  called  either 
pleasant  or  painful ;  and  they  prompt  to  no  acts  of  volition  : 
but  other  feelings  form  part,  even  of  our  simplest  trains  of 
thought,  which  are  at  once  felt  to  belong  to  a  different  class. 
Emotions  of  Pleasure,  Pain,  Surprise,  Fear,  Resentment, 
Curiosity,  &c. — feelings  which  neither  admit  of  nor  require 
definition,— immediately  succeed  both  the  excitation  of  pre- 
sent, and  the  recollection  of  past  sensations ;  constitute  a 
great  source  of  enjoyment,  and  form  a  part  of  what  are 
called  the  Active  and  Moral  Powers  or  Dispositions  of  our 
nature. 
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The  different  acts  of  mind  now  considered, — the  Appre- 
hension or  formation  in  the  mind  of  certain  general  notions, 
the  Conception  and  Remembrance  of  past  sensations,  the 
Abstraction  of  certain  of  the  qualites  of  objects  from  others, 
80  as  to  form  additional  general  notions,  and,  by  them, 
classes  of  individuals  ;  the  Judgments  of  the  relations  of  ob- 
jects to  one  another,  and  to  these  general  notions ;  and  the 
simple  Emotions,  pleasing  or  painful,  which  several  of  these 
operations  excite ; — are  the  simplest  elements  that  compose 
those  varied  trains  of  thought,  which  the  exercise  of  our 
senses  excites. 

And  before  going  farther,  we  can  pronounce,  with  confi- 
dence, on  the  inaccuracy  of  the  theory  of  several  French 
philosophers  and  physiologists,  who  resolve  all  acts  of 
Thought  into  Sensation, — a  theory  which,  in  fact,  amounts 
to  nothing  more  than  an  extension  of  the  term  Sensation  to 
what,  in  our  language,  is  expressed  by  the  more  general 
term  Consciousness.  If  we  were  to  adopt  that  extension, 
we  should  not  only  involve  ourselves  in  misapprehensions, 
but  should  be  obliged  afterwards  to  subdivide  the  sensations, 
so  as  to  make  them  correspond  to  what  we  now  call  the 
different  mental  faculties  *. 

But  when  our  minds  ai'e  employed  for  their  destined  use, 

•  "  I  perceive  a  hare,"  says  Dr  Brown,  "  and  I  perceive  a  slieep  :  each 
of  these  separate  states  of  my  mind  is  a  sensation.  I  cannot  attend  to  them 
long  without  comparing  them,  and  perceiving  those  circumstances  of 
agreement,  which  lead  me  to  apply  to  both  the  term  Quadruped.  The  one 
state  of  muid  is  a  consequence  of  the  other  state  of  mind.  But  this  is  far 
from  proving  the  comparison  itself,  as  a  subsequent  state  or  phenomenon 
of  mind,  to  be  the  same  mental  state  as  the  mere  perception  of  the  two  ani- 
mals which  preceded  it.  If  the  evidence  of  our  consciousness  is  to  be  trust- 
ed, it  i.  very  different ;  and  on  what  other  evidence  can  the  assertion  of 
their  sameness  be  founded  ?" — "  It  is  not  as  being  susceptible  of  mere  sen- 
sation, but  as  being  susceptible  of  more  than  mere  sensation,  that  the  mind 
b  able  to  compare  its  sensations  with  one  another.  We  may  see,  and  cer- 
tainly do  see,  objects  together,  without  forming  the  same  comparison;  which 
could  not  be  the  case  if  the  mere  co-existence  of  the  two  perceptions  con- 
stituted or  involved  the  comparison  itself." — (Lect.  33.)  See  also  Stew- 
aet's  Philosophical  Essays,  Essay  i.  ch.  3  and  4,  aud  Essay  lii. 
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either  for  the  acquisition  of  knowledge,  the  pursuit  of  plea- 
sure, or  the  attainment  of  any  practical  purposes,  it  is  plain, 
not  only  that  these  different  mental  acts  must  take  place, 
but  that  they  must  succeed  one  another  in  a  determinate 
order,  and  tend  to  a  definite  object ;  and  accordingly,  be- 
fore we  can  consider  the  two  noblest  and  most  characteris- 
tic, but  also  most  complex,  of  the  mental  powers,  those  of 
Imagination  and  of  Reasoning,  by  which  the  conduct  of  our 
lives  is  chiefly  directed,  we  must  take  notice  of  the  laws 
which  appear  to  regulate  the  successions  of  thoughts  in  our 
minds. 

II.  In  this  respect  there  is  observed  a  much  greater  dif- 
ference among  individuals,  or  in  the  same  individuals  at 
different  times,  than  in  regard  to  the  nature  of  the  mental 
acts.  There  are  first,  certain  laws  as  to  the  succession  of 
thoughts,  which  are  imposed  by  nature  on  the  minds  of  all ; 
and  secondly,  there  is  a  certain  power  which  we  feel  that  we 
can  exert  voluntarily  on  our  own  minds. 

1.  Thej-apidity  with  which  all  the  component  parts  of 
the  train  of  tliought  pass  through  the  mind,  is  very  various 
in  different  persons ;  different  in  youth  and  age;  perhaps 
generally  different  in  women  and  men.    And  there  is  a 
still  more  striking  difference  between  individuals,  as  to  the 
length  of  time,  during  which  certain  peculiar  objects  of 
thought  dwell  on  their  minds,  and  the  degree  of  attention 
they  excite.    Thus  some  persons  are  strongly  impressed  by 
differences  of  colour,  some  of  forms,  some  of  countenances  ; 
the  minds  of  some  dwell  habitually  on  certain  abstractions, 
such  as  numbers,  or  matliematical  figures ;  those  of  others 
on  certain  of  the  properties  of  external  objects;  those  of 
others  on  the  words  by  which  thoughts  arc  expressed,  &c. 
The  memory  of  all  subjects  of  thought  depends  very  much 
on  the  length  of  time  that  they  have  occupied  the  mind; 
and  therefore  the  subsequent  recollections,  and  the  usual 
reflections,  of  different  minds,  will  necessarily  depend  very 
much  on  the  peculiarities  of  this  disposition  of  Involuntary 
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Attention.  The  striking  diflPerences  of  individuals,  in  this 
respect,  are  well  illustrated  in  the  writings  of  Gall  and 
Spurzheim,  and  their  followers. 

2.  In  the  same  person,  at  different  times,  there  is  also 
great  variety  as  to  the  rapidity  with  which  diffei'ent  thoughts 
succeed  one  another,  and  as  to  the  intensity  of  mental  at- 
tention which  is  fixed  upon  them  ;  sometimes  from  physi- 
cal and  sometimes  from  moral  causes.  The  effect  of  any 
cause  accelerating  the  circulation  in  the  brain,  in  a  degree 
consistent  with  health,  is  to  increase,  for  a  time,  the  rapi- 
dity and  the  energy  of  the  mental  acts  ;  and  the  same  is  of- 
ten remarkably  seen  in  the  stage  of  greatest  Avascular  ex- 
citement, in  febrile  and  inflammatory  diseases.  The  effect 
of  every  emotion  or  moral  feeling,  which  blends  itself  with 
any  mental  act,  is  to  modify  the  rapidity  of  the  train  of 
thought  at  the  time ;  sometimes  to  quicken  it,  as  in  the  case 
of  joy  ;  sometimes  more  remarkablj"^  to  retard  it,  and  keep 
the  same  image  or  idea  long  before  the  mind,  as  in  sorrow ; 
but  always  to  give  additional  intensity  to  the  involuntary 
disposition  of  the  mind,  to  attend  to  any  such  act;  as  is  of- 
ten shown,  both  by  the  long  and  vivid  subsequent  recollec- 
tion of  such  thoughts,  and  by  the  slight  degree  of  attention 
which  any  object  of  sense  presented  during  the  continu- 
ance of  the  emotion  receives,  and  the  very  short  period  to 
which  the  power  of  recollecting  it  extends. 

3.  It  would  appear  that  the  mind  is  truly  "  incapable  of 
attending  at  one  and  the  same  instant  to  objects  to  which 
it  can  attend  separately although  the  length  of  time  du- 
ring which  a  single  object  of  thought  remains  before  the 
mind  is  often  so  inconceivably  short,  as  to  deceive  us  into 
the  belief  of  its  actual  coexistence  with  others  *.  At  least, 
when  any  mental  faculty  is  strongly  excited,  or  the  atten- 
tion strongly  fixed  on  one  mental  act,  any  other  mental  act  is 
imperfectly  performed,  is  hardly  an  object  of  attention,  and 
fails  of  its  usual  effects.  Mental  occupations  of  intense  inte- 
rest, or  violent  muscular  exertion,  greatly  diminish  the  inten- 

"  See  Stewaht's  Elements,  vol.  i.  ch.  2. 
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sity  and  the  effect  of  sensations  excited  by  impressions  on  the 
senses.  On  the  other  hand,  any  very  intense  and  uneasy 
sensation  so  engrosses  the  mind,  as  to  disqualify  it  for  car- 
rying on  any  continuous  train  of  thought,  or  exciting  any 
definite  succession  of  muscular  efforts.  And  when  two  dis- 
tinct impressions  are  made  about  the  same  time  on  the 
senses,  the  stronger  sensation  overpowers  or  obscures  the 
weaker. 

This  principle  is  of  great  importance  in  the  pathology 
and  treatment  of  disordered  states  of  the  mind.  But  in 
the  healthy  state,  and  when  none  of  the  mental  acts  take 
place  with  unusual  force,  there  is  frequently  a  virtual  co- 
existence of  feelings  or  thoughts,  which,  when  strictly  ana- 
lyzed, appear  widely  different  from  each  other. 

4.  Much  attention  has  been  paid  to  the  different  bonds 
of  union  tliat  exist  among  our  thoughts,  or  the  laws  of  asso- 
ciation according  to  which  they  succeed  each  other.  When 
we  reflect  on  the  very  various  thoughts  which  pass  through 
the  mind  within  a  short  time,  we  are  sometimes  quite  at  a 
loss  to  detect  any  principle  to  which  we  can  ascribe  their 
succession ;  nor  is  it  certain  that  any  such  connecting  prin- 
ciple does  always  exist;  but  in  general  we  may  observe, 
that  one  suggests  another,  either  by  reason  of  previous  Asso- 
ciation in  the  mind,  of  Resemblance,  or  of  Contrast  in  the 
objects  themselves*. 

When  two  events  which  immediately  succeeded  one  an- 
other,— when  a  cause  and  its  effect, — when  the  different 
parts  of  a  complex  scene,  or  the  different  countenances  of 
an  assembly  of  persons, — when  the  successive  steps  of  a  de- 

•  On  this  subject  Dr  BnowN  njakes  a  just  and  acute  observation.  "All 
suggestions,  I  conceive,  if  our  analysis  be  sufficiently  minute,  may  be  found 
to  depend  on  prior  coexistence,  or  immediate  proximity.  For  this  very  nice 
reduction,  however,  we  must  take  in  the  influence  of  emotions  and  other 
feelings;  as  when  an  object  suggests  an  analogous  object,  by  the  influence 
of  an  emotion  or  sentiment,  which  each  separately  may  have  produced  before, 
and  which  is  therefore  common  to  both.  But  it  is  very  convenient,  in  il! 
lustration  of  the  principle,  to  avaU  ourselves  of  the  more  striking  subdi- 
visions,  in  which  the  particular  instances  of  proximity  may  be  arranf?ed." 
— Lect.  35. 
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monstration,  or  heads  of  an  ai'gument,  already  gone  tbrougli, 
— present  themselves  to  the  mind  in  succession,  it  is  ob- 
vious that  they  have  been  suggested  by  the  principle  of  pre- 
vious association.  And,  in  proportion  as  that  previous  asso- 
ciation has  been  moi*e  recent,  as  it  has  been  more  frequent, 
as  it  has  been  less  disturbed  by  other  concurrent  circum- 
stances, as  the  thoughts  constituting  it  have  been  longer 
and  more  strongly  impressed  on  the  attention  of  the  indi- 
vidual, either  from  his  natural  disposition,  or  from  emotions 
formerly  attending  it, — the  same  succession  of  thoughts  will 
be  more  certainly  and  more  perfectly  reproduced. 
•  The  associating  principle  of  Resemblance,  again,  often 
brings  together  in  the  mind,  not  only  objects  of  sense,  which 
have  obvious  and  striking  similarities,  or  many  qualities  in 
common,  but  thoughts  and  feelings  which  have  less  tangible 
analogies,  or  which  resemble  each  other  chiefly  in  giving 
rise  to  the  same  emotions ;  as  when  warmth  and  sunshine 
awaken  emotions  of  joy,  when  slow  deep-toned  music  ex- 
cites solemn  reflections ;  or  in  general,  when  any  object  of 
interest  suggests  tliose  slighter  and  more  fanciful  analogies, 
which  may  be  traced  among  the  component  parts  of  the 
trains  of  thought  to  which  the  epithets  of  Sublime  and 
Beautiful  are  appropriated. 

Again,  in  other  cases,  the  resemblances  which  serve  to 
associate  thoughts  with  each  other  are  in  the  words  which 
denote  them,  not  in  the  objects  of  thought  themselves,  as 
is  shewn  by  the  fantastic  assemblages  of  thoughts  often 
brought  together  by  rh}Tnes,  puns,  or  alliterations. 

Some  of  the  greatest  intellectual  differences  that  exist 
among  individuals,  turn  on  the  natm'al  tendency  of  the 
mind  to  these  associations  or  successions  of  thoughts.  In 
some  minds  the  chief  associating  principle  is  merely  pre- 
vious association ;  and  if  it  be  strong,  such  men  are  well 
fitted  for  practical  exertions,  varying  according  as  their  in- 
voluntary attention  has  been  moi*e  frequently  and  longer 
bestowed  on  one  class  of  thoughts  or  another;  but  they  arc 
not  fitted  for  works  of  genius.  In  other  minds  the  chief 
associating  principle  is  resemblance;  and  according  to  the 
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kind  of  resemblance  or  analogy,  which  they  are  most  apt 
to  observe,  they  are  fitted  for  various  works  of  art  or  of 
fancy.  In  all  men,  when  under  the  influence  of  strong 
emotion  or  passion,  as  the  whole  train  of  thought  is  more 
rapid,  so  the  associating  principle  of  analogy  becomes  (ap- 
parently at  least)  more  than  usually  powerful,  and  the  lan- 
guage used  is  more  metaphorical. 

It  is  according  to  the  strength  and  endurance  of  more  or 
fewer  of  these  principles  of  association,  that  individuals 
differ  in  what  is  commonly  called  the  fidelity  and  reten- 
tiveness  of  Memoiy;  and  it  is  by  the  failure  of  more  or 
fewer  of  them,  that  those  diseased  states  called  general  or 
partial  loss  of  memory  are  chiefly  characterized  *. 

5.  All  this  applies  to  the  causes  which  influence,  or  laws 
which  regulate,  the  train  of  thought  in  the  mind,  indepen- 
dently of  any  influence  of  the  Will.  The  Voluntary  power 
which  we  may  fairly  affirm  that  we  are  conscious  of  possess- 
ing over  the  succession  of  our  thoughts,  is  in  all  cases  indi- 
rect;  because  it  is  plain  that  to  make  the  effort  to  call  ^up 
any  particular  thought,  necessarily  implies  that  it  already 
exists  in  the  mind ;  but  it  is  not  the  less  real  or  important. 
"  It  consists  in  singling  out  any  one  thought  that  has  pre- 

"  It  may  seem  a  needless  multiplication  of  scientific  terms  to  s^Deak  of 
the  images  of  past  sensations  being  retained  by  Memory,  suggested  by  the 
Association  of  Ideas,  and  called  up  by  Conception  ;  and  Dr  BnowN  thought 
he  had  simplified  the  subject  considerably  by  ranking  all  these  powers  un- 
der one  head  as  Simple  Suggestion.  But  perhaps  this  generalization  is 
rather  verbal  than  real.  Wlien  the  sight  of  any  scene  in  nature  recalls 
another  which  it  resembles,  it  is  true  that  the  mind  does  no  more  than  pass 
from  one  state,  which  the  impression  made  on  the  eye  has  excited,  into 
another  state  which  is  the  conception  of  the  scene  formerly  before  the 
senses;  but  it  is  equally  true,  that  in  this  mental  change,  three  distinct 
principles  are  illustrated ;  first,  the  power  of  the  muid  to  represent  again 
to  itself  an  impression  formerly  made  on  it  through  the  senses ;  secondly, 
its  power  to  retain  that  impression  latent,  for  a  great  length  of  time,  and 
recognise  it,  when  again  presented,  as  having  been  formerly  an  object  of  its 
attention  ;  and  thirdly,  the  efiicacy  of  the  law  of  association  by  resemblance, 
to  which  the  recollection,  at  that  moment,  is  to  be  ascribed.  These  are 
all  general  facts,  as  to  our  mental  constitution,  which  connect  themselves 
with  others,  and  demand  sej)arate  consideration,  and  hence  the  jiropriety 
of  using  three  different  words  to  denote  them. 
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sented  itself,  detaining  it  at  pleasure,  and  making  it  a  par- 
ticular object  of  attention;  whereby  we  not  only  stop  the 
succession  which  would  otherwise  take  place,  but  frequent- 
ly, by  bringing  into  view  less  obvious  relations  among  our 
ideas,  direct  the  current  of  our  thoughts  into  a  new  chan- 
nel." And  if  this  be  done  repeatedly,  and  habitually,  in 
regard  to  the  exercise  of  our  minds  on  any  particular  sub- 
jects,—so  as  to  strengthen  and  rivet  particular  successions 
of  these  by  the  principle  of  previous  association, — we  ulti- 
mately acquire,  indirectly,  so  great  a  A'oluntary  power  over 
our  thoughts,  that  it  requires  a  considerable  exertion  of  at- 
tention to  observe,  that  the  laws  of  association  which  en- 
able us  to  recall  any  piece  of  knowledge  for  which  we  have 
occasion,  are  in  reality  fixed  beyond  our  own  direct  control 
by  the  constitution  of  our  nature. 

Our  indirect  voluntary  power  over  our  thoughts  is  often 
aided  by  our  more  direct  voluntary  power  over  various 
muscles,  whereby  we  may  either  command,  or  prevent,  the 
excitation  of  sensations,  calculated  either  to  confirm,  or  to 
break  through,  those  lines  of  association  which  we  may 
wish  to  preserve. 

When  the  various  thoughts  which  pass  through  the  mind 
arc  habitually  intermingled  with  Sensations,  which  occupy 
a  certain  degree  of  attention,  and  which  are  themselves 
either  pleasing,  or  painful,  or  calculated  to  excite  any  pe- 
culiar emotions,  both  the  rapidity  of  the  train  of  thought, 
and  the  kind  of  mental  feelings  or  operations  on  which  the 
mind  habitually  dwells,  are  very  apt  to  be  materially  modi- 
fied; as  we  observe  when  we  attend  to  the  peculiarities 
of  character  of  persons  who  are  habitually  asthmatic ;  still 
more  of  those  habitually  dyspeptic ;  and  to  the  striking  dif- 
ferences of  the  character  of  the  inhabitants  of  warm  and 
cold  climates ;  of  mountaineers  and  the  inhabitants  of 
plains  ;  or  of  persons  habituated  to  solitude  and  to  society. 

When  the  train  of  thoughts  in  the  mind  is  either  accele- 
rated or  retarded,  and  particular  acts  of  thought  rendered 
more  vivid  and  engrossing,  by  strong  emotions  accompany- 
ing them,  the  indirect  voluntary  power  is  proportionally  di- 
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minished ;  and  this  is  still  more  the  case  when  certain  of 
the  thoughts  acquire  an  unnatural  energy  from  disease. 

The  principal  varieties  of  character  in  individuals,  the 
changes  which  the  mind  undergoes  in  the  progress  of  life, 
and  those  to  which  it  is  liable  in  disease,  are  most  easily 
understood,  when  they  are  considered  as  chiefly  depending 
on  alterations  of  the  laws  which  regulate  the  duration  of 
thoughts  before  the  mind,  and  their  succession  in  the  mind ; 
rather  than  of  the  faculties  or  powers,  of  which  the  indi- 
vidual acts  of  thought,  when  analyzed,  appear  to  be  com- 
posed. 

III.  It  was  already  said,  that  the  highest  and  most  cha- 
racteristic faculties  of  the  mind  are  those  of  Imagination 
and  of  Reasoning ;  by  the  first  of  which  we  understand  the 
power  whereby  the  mind  voluntarily  combines  various  of 
its  conceptions  and  abstractions,  and  forms  a  visionary  crea- 
tion of  its  own,  differing  from  any  thing  that  has  been  pre- 
sented to  the  senses ;  and  by  the  second  that  whereby  the 
mind  voluntarily  connects  together  successive  acts  of  Judg- 
ment on  the  relations  of  things  ;  and  so  adapts  premises  to 
conclusions  in  matters  of  speculation,  and  adapts  means  to 
ends  in  practice. 

It  is  obvious  that  the  exercise  of  both  these  faculties  im- 
plies (or  that  they  consist  in)  not  only  the  performance  of 
the  simpler  acts  of  understanding  already  considered,  but 
likewise  a  certain  determinate  succession  of  such  acts,  re- 
gulated in  the  manner  above  stated  by  the  will ;  and  that 
these  complex  mental  acts  may  be  altered  or  suspended 
by  any  alteration  of  the  laws,  by  which  the  succession  of 
thoughts  in  the  mind  is  determined;  and  it  is  in  this  way, 
accordingly,  that  they  are  chiefly  altered  or  perverted  in 
disease. 

In  the  conduct  of  life,  it  is  most  generally  by  an  exercise, 
more  or  less  complex,  and  partly  voluntary,  of  the  Faculty 
of  Imagination,  that  we  propose  to  ourselves  objects  of 
pursuit ;  and  then,  by  an  exertion  more  or  less  sustained. 
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of  the  Faculty  of  Reasouing^,  that  we  adapt  means  to  the 
attainment  of  these  ends. 

As  the  more  elementary  acts  of  Thought, — Sensations, 
Conceptions,  and  the  perception  of  the  simpler  relations  of 
things, — are  attended  with  emotions,  pleasing  and  painful, 
and  sometimes  with  instinctive  propensities,  so  the  more 
complex  acts  now  in  question  are  attended  with  what  are 
more  strictly  called  Desires  ;  which  are,  in  general,  antici- 
pations of  enjoyment,  of  one  kind  or  anotlier,  consequent  on 
the  prospects,  more  or  less  fanciful,  of  effects  to  be  obtained 
by  our  exertions,  and  accompanying  the  complex  mental 
acts,  by  which  these  prospects  are  to  be  realized.  Thus, 
the  Desire  of  Pleasure,  the  Desire  of  Power,  the  Desire  of 
Knowledge,  the  Desire  of  Esteem,  the  Desire  of  Praise,  the 
Desire  of  Social  Intercourse, — attend  the  acts  of  Imagina- 
tion and  of  Reasoning  on  the  common  affairs  of  life,  and 
bear  the  same  relation  to  them  as  the  Instinctive  propensi- 
ties do  to  the  Sensations  by  which  they  are  excited,  i.  e. 
they  constitute  the  chief  Motives  to  our  actions. 

Farther,  in  like  manner  as  the  perception  of  the  qualities 
of  material  things,  and  the  simpler  relations  of  objects  of 
thought,  naturally  excite  in  our  minds  certain  simple  ideas, 
and  compel  our  assent  to  certain  intuitive  truths,  so  the  ob- 
servation or  anticipation  of  certain  actions  and  their  effects, 
naturally  excite  in  our  minds  the  notions  of  Right  or 
Wrong,  Justice  and  Injustice,  which  may  in  like  manner 
be  held  to  be  ultimate  facts  in  our  constitution ;  and  which, 
when  combined  with  the  consciousness  of  a  certain  degree 
of  voluntary  power,  impose  on  us  the  sense  of  Moral  Obli- 
gation. ^ 

As  almost  all  human  actions  tend  to  procure  some  kind 
of  enjoyment  or  advantage  for  the  agents,  some  authors 
have  thought  that  the  simplest  and  most  satisfactory  view 
of  this  subject  is,  to  suppose  that  all  motives  to  action  rc- 
Bolve  themselves  into  the  desire  of  pleasure ;  and  much  has 
been  said  to  prove,  that  as  the  highest  and  most  enduring 
pleasure  is  derived  from  the  exercise  of  virtue,  there  is  no- 
thiftg  adverse  to  morality  in  this  view  of  human  motives 
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and  conduct.  But  the  considerations  urged  on  this  point 
by  Mr  Stewart,  seem  quite  sufficient  to  prove  that  this 
is  an  excessive  simplification;  that  we  have  a  sense  of 
Duty,  not  resolvable  into  a  regard  for  our  own  happiness, 
and  which  ought  to  be,  and  often  is,  a  rule  of  human  con- 
duct *. 

We  must  consider,  therefore,  the  general  notions  of  Right 
and  Wrong,  which  present  themselves  on  a  view  of  the  ef- 
fects, or  probable  effects,  of  human  actions,  as  an  ultimate 
fact  in  our  mental  constitution,  or  a  primary  element  of 
human  reason,  equally  as  the  notions  of  Power,  of  Intuitive 
Truth,  &c.;  and  wliich  imposes  on  all  persons  of  sound  mind 
a  sense  of  moral  obligation,  although  many  circumstances 
constantly  tend,  either  to  weaken  its  influence  on  our  con- 
duct, or  to  mislead  us  in  its  application. 

This  slight  sketch  of  the  strictly  mental  phenomena  will 
at  least  serve  to  illustrate  the  different  sets  of  facts  which 

"  These  considerations  are, 

"  1.  There  are  in  all  languages,  words  equivalent  to  Duty  and  Interests 
which  men  have  constantly  distinguished  in  their  eignification.  They 
often  coincide  in  their  application,  but  convey  very  diflferent  ideas, 

"  2.  The  Emotions  excited  by  the  contemplation  of  what  is  right  or 
wrong  in  conduct,  are  different,  both  in  kind  and  degree,  from  those  which 
are  produced  by  a  calm  regard  to,  or  careless  disregard  of,  our  own  happi- 
ness. This  is  particularly  remarkable  in  the  emotions  excited  by  the 
conduct  of  others,  for  few  men  are  perfectly  fair  judges  of  their  own  ac 
tions. 

"  3.  Although  philosophers  have  shown  that  a  sense  of  duty,  and  an 
enlightened  regard  for  our  own  happiness,  do,  in  most  instances,  give  the 
same  direction  to  our  conduct,  yet  this  is  a  truth  by  no  means  obvious  to 
the  common  sense  of  mankind,  but  deduced  from  a  very  extensive  view  of 
human  affairs,  and  of  the  remote  consequences  of  human  actions.  Conse- 
quently, the  great  lessons  of  morality,  which  are  obvious  to  the  capacity 
of  aU  mankind,  cannot  have  been  suggested  to  them  merely  by  a  regard  to 
their  own  interests. 

«  4.  The  same  conclusion  is  very  strongly  confirmed  by  the  very  early 
period  of  life  at  which  judgments  on  the  moral  character  of  actions  make 
their  appearance,-long  before  chUdren  can  form  such  a  general  notion  of 
happmess  as  can  demonstrate  the  coincidence  of  duty  with  seUUovc,  and 
indeed  in  the  very  infancy  of  reason."- Outlines  of  Moral  Philosophy, 
§  172.  - 
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require  consideration  under  this  head,— first,  the  formation 
of  certain  general  notions  and  principles  consequent  on  the 
exercise  of  our  senses, — next,  the  recollection  of  past  sen- 
sations,— then  the  perceptions  of  the  relations  of  things  and 
formation  of  farther  general  or  abstract  notions  :  these 
thoughts  are  continually  mingled,  not  only  with  our  sensa- 
tions, and  with  the  recollections  of  similar  states  of  the 
mind  in  time  past,  but  also  with  emotions,  pleasing  or  pain- 
ful ;  they  succeed  each  other  according  to  certain  tolerably 
definite  laws,  but  are,  to  a  certain  degree,  regulated  by  our 
own  will ;  and  under  this  guidance,  they  are  so  combined 
and  directed  as  to  excite  desires,  and  call  up  moral  feelings, 
and  so  furnish  motives  for  action  ;  and,  at  the  same  time,  to 
determine  the  kinds  of  actions,  by  which  the  objects  thus 
set  before  us  may  be  attained. 

As  we  formerly  stated  the  manner  in  which  certain  sen- 
sations, excited  in  the  mind,  throw  into  action  directly,  or 
through  the  intervention  of  instinctive  propensities,  certain 
nerves,  muscles,  and  other  moving  parts,  essential  to  respi- 
ration and  digestion  (functions  of  such  importance  to  the 
animal  economy,  that  they  are  not  left  to  the  guidance  of 
reason,  but  provided  for  by  the  surer  process  of  instinct) ; 
so  we  have  now  taken  a  genei'al  view  of  the  slower  and 
more  circuitous  process,  by  which  the  acts  of  thought  that 
are  excited  by  sensations,  and  left  to  the  control  of  the  will 
of  the  individual,  become  occasions  of  voluntary  eflForts,  and 
thereby  of  nervous  actions,  muscular  contractions,  and  mo- 
tions of  other  organs  of  the  body, — to  be  presently  more 
particularly  considered. 

We  can  only  go  a  certain  length  in  determining  the  parts 
of  the  larger  masses  of  the  Nervous  System  contained  with- 
in the  cranium,  which  furnish  the  essential  conditions  to 
the  mental  operations  now  considered ;  but  the  following 
facts  on  this  subject  appear  to  be  well  ascertained. 

1.  The  parts  of  the  nervous  system  which  attain  theu" 
highest  development  in  the  human  species,  and  may,  from 
that  circumstance,  be  supposed  to  be  especially  connected 
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with  tliose  mental  operations  in  which  the  pre-eminence  of 
the  human  species  consists,  are,  the  Convolutions  of  the 
Brain  and  Cerebellum,  the  Corpus  Callosum,  Corpora  Striata, 
Thalami,  and  Tuber  Annulare.  Those  which  are  least  de- 
veloped in  the  human  species,  but  are  proportioned  to  each 
other  in  the  different  classes  of  vertebrated  animals,  and 
may  therefore  be  presumed  to  be  chiefly  connected  with 
sensations  and  voluntary  motion,  and  to  have  less  con- 
nexion with  any  strictly  intellectual  acts,  are  the  Spinal 
Cord,  Corpora  Quadrigemina,  (called  Optic  Lobes  in  many 
of  the  lower  animals),  and  Vermiform  Processes  of  the 
Cerebellum.  The  Fornix  and  Pes  Hippocampi  attain  their 
highest  development  in  some  of  the  mammalia,  but  not  in 
man  *. 

2.  Although  we  commonly  give  the  name  of  Instinct  to 
all  the  mental  operations  of  which  we  see  indications  in 
the  lower  animals,  yet  it  is  obvious  that  many  of  their  ac- 
tions are  guided,  not  merely  by  the  instinctive  propensities 
which  are  connected  with  appetites,  but  by  mental  opera- 
tions similar,  in  some  respects,  to  those  of  human  intellect. 
In  particular,  it  is  obvious,  that  sensations  are  distinctly  re- 
collected ;  that  emotions  (as  those  of  fear  and  joy)  attend 
them,  both  when  first  excited,  and  when  afterwards  repro- 
duced ;  that  these  mental  acts  are  associated,  and  called  up 
in  successive  trains ;  and  even  that  some  of  the  simpler  re- 
lations of  things  are  perceived ;  so  that  a  certain  degree  of 
contrivance  (implying  some  exertion  of  a  faculty  of  reason- 
ing), may  be  practised ;  although  it  is  plain  that  their  in- 
tellect is  very  little  adapted  for  forming,  or  dwelling  upon, 
most  general  or  abstract  notions. 

Now  it  has  been  shown,  by  the  experiments  of  Flourens, 
Magendie,  and  others,  that  the  indications  of  such  mental 
operations  are  not  diminished  by  cutting  off  the  cerebellum 
in  the  animals  that  survive  the  operation ;  but  that  they 
are  almost  entirely  suppressed,  particularly  in  birds,  by 
cutting  off  the  cerebral  lobes ;  which  appear  to  correspond 
to  the  great  mass  of  the  hemispheres  and  convolutions  of 
•  See  Skrees,  Anat.  Compar^e  du  Cerveau. 
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the  brain,  especially  in  the  leading  circumstance  of  the 
medullary  fibres  from  the  spinal  cord  expanding  and  ter- 
minating in  them.  An  animal  thus  mutilated  may  live 
long,  and  is  capable  of  sensation,  and  of  the  instinctive  ac- 
tions most  directly  linked  with  sensations  ;  swallows  what 
is  put  in  its  mouth  ;  moves  its  legs  when  irritated,  and  its 
wings  when  thrown  into  air ;  but  when  not  excited  by  any 
impression  on  the  senses,  appears  in  a  state  of  stupor ;  gives 
no  signs  of  recollection,  even  of  sensations  just  felt,  nor  of 
such  emotions  as  sensations  were  wont  to  excite  ;  and 
cannot  seek  its  food,  nor  even  avoid  obstacles  thrown  in  its 
way. 

Hence  it  would  appear,  that  such  of  the  strictly  mental 
faculties  above  described,  as  these  animals  possess,  and 
particularly  that  Memory,  or  the  Association  of  thoughts, 
are  dependent  chiefly  or  entirely  on  this  portion  of  the  con- 
tents of  the  cranium  ;  which,  accordingly,  is  the  most  ma- 
terial part  of  what  is  found  'peculiarly  developed  in  man  *. 

3.  Injuries  confined  to  the  hemispheres  of  the  brain  have 
also  appeared  very  generally,  in  the  experiments  of  Flou- 
UENS,  BouiLLAUD  -f,  and  others,  to  impair  the  indications  of 
the  strictly  mental  phenomena  ;  but  no  distinct  evidence 
has  been  adduced  from  experiments,  of  any  one  class  of 
these  phenomena  being  more  affected  by  injury  of  one  part 
of  the  hemispheres  of  the  brain  than  of  another. 

Many  persons  who  have  given  attention  to  this  subject 
since  the  first  publications  of  Gall  and  Spurzheim,  haA^e 
agreed  with  these  authors  in  thinking,  that  sufficient  evi- 
dence of  the  appropriation  of  diff'erent  parts  of  the  contents 
of  the  cranium,  to  diff'erent  mental  acts,  may  be  obtained 
by  comparing  the  heads  of  individual  persons,  whose  chai'ac- 
ters  and  dispositions  are  known  ;  and  observing  such  rela- 
tive proportions  of  the  different  parts  of  the  skull  to  one 
another,  and  such  prominences  or  depressions  on  the  skull» 

•  See  particularly  Cuvier's  Report  to  tlie  Institute  on  the  Experi- 
ments of  Floukens,  in  the  llecherchcs  I'liysiologlques  of  this  author,  and 
in  the  Journal  de  Physiologic,  t.  ii. 

•j-  Journal  de  Physiologie,  t.  x. 
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as  they  consider  to  be  sufficient  to  indicate  the  comparative 
size  of  different  portions  of  the  brain  and  cerebellum  in 
these  persons. 

The  object  of  this  inquiry  appears  to  be  quite  philoso- 
phical, and  was  accordingly  long  ago  recommended  by 
Lord  Bacon  *.  There  is  nothing  improbable,  nor  in  the 
smallest  degree  at  variance  with  the  principles  formerly 
stated  (p.  119,  &c.),  as  to  the  essential  distinction  between 
Mind  and  Matter,  in  the  supposition,  that  as  (by  the  ad- 
mission of  all)  the  whole  Nervous  System  furnishes  the  con- 
ditions necessary  to  the  manifestation  of  the  whole  mental 
phenomena,  in  this  state  of  our  existence, — so  any  one  por- 
tion of  the  nervous  system  may  furnish  the  conditions 
necessary  to  the  manifestation  of  any  one  part  of  these 
phenomena.  And  it  is  also  possible,  that  the  different 
portions  of  the  brain  may  be  appropriated,  as  the  phrenolo- 
gists in  most  instances  suppose,  to  the  exercise  of  the  facul- 
ties ou  particular  subjects,  or  particular  classes  of  objects, 
rather  than  to  such  differences  among  the  acts  of  thought 
themselves,  as  have  chiefly  attracted  the  attention  of  meta- 
physicians. 

But  when  it  is  considered,  firsts  That  there  must  neces- 
sarily be  great  want  of  precision,  both  in  the  physical  and 
metaphysical  part  of  many  of  the  observations  made  in  this 
way ;  secondly,  That  sources  of  fallacy  exist  in  the  inference 
as  to  the  form  or  size  of  the  brain,  from  inspection  of  the 
skull,  particularly  in  the  neighbourhood  of  the  frontal  si- 
nuses, and  of  the  cerebellum,  which  seem  sufficient  to  vitiate 
some  of  the  conclusions  which  these  authors  have  regarded 
as  the  best  established;  and  thirdly.  That  observations 
made  in  this  way,  by  different  competent  observers,  have 
given,  in  different  instances,  very  discordant  results; — it 
may  safely  be  inferred,  that  very  little  reliance  can  be  placed 
on  conclusions  drawn  from  such  comparisons,  unless  these 
are  confirmed  from  other  sources.  And  it  does  not  appear, 
on  examination  of  the  results,  either  of  experiments  on  the 

•  De  Arignientis  Scientiarum,  Lib.  4.  C.  I. 


238 


OUTLINES  OF  PHYSIOLOGY, 


brains  of  animals,  or  of  pathological  observations  on  tlie 
human  body,  that  any  conclusions  favourable  to  the  phre- 
nological division  of  the  functions  of  the  different  parts  of 
the  brain,  can  be  deduced  from  them. 

On  the  whole,  the  only  point  ascertained  is,  the  general 
appropriation  of  the  great  mass  of  the  hemispheres  of  the 
brain  proper,  to  the  acts  of  thought;  which  is  by  no  means 
peculiar  to,  and  does  not  derive  its  chief  support  from,  the 
writings  of  phrenologists.  The  very  same  kinds  of  altera- 
tion of  the  mental  faculties  have  been  often  observed,  from 
disease  or  injury  of  very  different  portions  of  the  brain ; 
and  again,  large  and  various  portions  of  the  hemispheres  of 
the  brain  have  been  found,  in  other  cases,  manifestly  injur- 
ed, or  even  destroyed  by  disease,  without  perceptible  al- 
teration of  the  mental  faculties,  almost  to  the  moment  of 
death  *.  Experiments  and  pathological  observations  would 
seem  to  indicate,  therefore,  that  the  manifestation  of  these 
mental  phenomena  depends,  not  so  much  on  the  mere  pre- 
sence of  any  particular  quantities  of  the  nervous  matter  of 
the  hemispheres,  or  the  forms  which  it  presents,  as  on  some 
other  conditions  in  that  nervous  matter  f ;  and  whether 
these  are,  in  any  respect,  different  from  the  general  condi- 
tions, formerly  stated  as  necessary  to  the  nervous  actions 
in  all  parts  of  the  system,  is  still  uncertain. 

"  See,  for  example,  a  case  recorded  by  Dr  ABEncaoMBiE,  (Pathology  of 
the  Brain  and  Spinal  Cord,  Case  89,)  where  the  patient  appeared  in  full 
possession  of  her  faculties,  mental  and  bodily,  a  few  hours  before  death ; 
and  on  dissection,  nearly  the  whole  of  one  of  the  hemispheres  was  found 
in  a  state  of  complete  softening. 

Flourens'  conclusions  are,  "  Qu'une  portion  assez  restreinte  niais 
determin^e  de  ces  organes  (lobes  cerebraux)  suffit  au  plein  et  entier  exer- 
cice  de  leurs  fonctions ;"  and  again,  "  Les  perceptions,  les  volitions,  toutes 
les  facultes  inteUectuelles  et  sensitives,  occupent  concurrement  et  conjoint- 
ment  le  meme  siege  dans  ces  organes." — (Recherches,  &c.  p.  161  &  212) : 
and  the  researches,  pathological  and  experimental,  of  BouiLtAUD  and 
others,  do  not  enable  us  to  modify  this  conclusion  farther  than  had  been 
previously  done  by  Cuvieu,  i.  e.  by  showing  that  it  does  not  apply  to  the 
mere  susceptibility  of  sensation,  and  of  the  instincts  most  closely  linked  to 
sensations. 
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CHAPTER  XIV. 

or  VOLUNTARY  AND  INSTINCTIVE  MOTION. 

We  have  stated  what  is  known  of  the  conditions,  under 
whicli  the  human  mind  is  connected  with  the  body,  and  is 
informed  of,  and  affected  by,  impressions  made  on  the  body 
by  any  foreign  substance.  We  have  now  to  consider  more 
particularly  the  laws,  according  to  which  the  body  is  sub- 
jected to  the  control  of  the  mind  ;  is  made  to  change  with 
the  changes,  express  the  feelings,  and  minister  to  the  wants, 
of  its  immaterial  inhabitant. 

All  the  mental  acts  which  can  be  observed  to  produce, 
through  the  intervention  of  the  Nervous  System,  any  de- 
cided effect  on  other  organs  of  the  body,  may  be  referred  to 
the  heads  of  Voluntary  and  Instinctive  Efforts  (or  Volitions 
and  Instincts),  Sensations  and  Emotions  ;  and  partial  illus- 
trations of  the  effects  of  all  these  mental  acts  on  the  body 
liave  already  been  stated.  The  effect  of  the  volitions  and 
instincts  is  much  more  striking  than  that  of  any  other  men- 
tal acts,  but  is  also  much  more  limited  ;  being  confined  to 
the  direct  excitation  of  certain  of  the  muscles  of  the  body, 
viz.  the  voluntary  muscles, — through  certain  of  their  nerves, 
viz.  those  formerly  described  as  the  motor  nerves  ;  while 
sensations  and  emotions  produce  well  marked  effects,  not 
only  on  these  muscles,  but  also  on  the  involuntary  muscles, 
and  the  secretions. 

All  the  movements  which  we  call  either  voluntary  or 
instinctive,  are  essentially  characterized  by  being  immediate- 
ly preceded  by  the  consciousness  of  a  voluntary  effort,  and 
likewise  attended  by  a  sensation,  which  gives  information 
of  the  position  and  degree  of  the  muscular  contraction  that 
is  excited.  These  mental  feelings,  accompanying  such 
movements,  are  easily  distinguished.  In  a  case  of  paralysis, 
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or  tempoi-aiy  loss  of  power  in  a  motor  nerve,  we  have  the 
consciousness  of  effort  without  the  muscular  sensation  ;  and 
in  the  case  of  sneezing,  or  vomiting,  from  urgent  uneasy  feel- 
ings, we  have  the  latter  with  hardly  any  thing  of  the  former. 

The  contractions  which  are  excited  in  the  voluntary 
muscles  hy  these  mental  eflforts,  acting  through  the  nerves, 
are  mucli  stronger  than  any  that  can  be  produced  by  direct 
irritation  of  the  fibres  of  these  muscles,  probably  because 
the  nervous  fibrils  peneti'ate  the  whole  interior  of  the  mus- 
cles, and  therefore  any  irritation  acting  on  them  reaches 
the  whole  of  the  fibres  more  completely  than  one  merely 
applied  to  their  exterior.  But  the  involuntary,  or  spasmo- 
dic contractions  of  such  muscles,  which  may  be  excited  by 
physical  irritations  of  the  nerves,  spinal  cord,  or  medulla 
oblongata,  are  stronger  than  any  voluntary  contractions. 

Many  instances  illustrating  the  great  strength  of  volun- 
tary muscular  contraction,  under  certain  circumstances, 
have  been  recorded.  In  the  dead  body  the  tendon  of  a 
muscle  has  generally  more  tenacity  than  its  fibres  ;  but 
there  are  many  cases  of  tendons  ruptured,  and  even  some 
of  bones  broken  (as  the  patella,  or  even  the  humerus),  by 
the  vital  contraction  of  muscles  attached  to  tliem.  The 
muscles  of  tJie  lower  jaw  of  a  man  have  been  known  to 
raise  a  weight  of  300  lb.,  and  the  extensors  of  the  back  of 
a  delicate  girl,  in  opisthotonos,  to  counterbalance  a  weight 
of  800  lb*.  The  disproportion  between  the  size  of  the 
nauscles,  and  tlie  force  which  they  can  exert,  is  still  greater 
in  some  of  the  lower  animals,  especially  insects. 

It  was  formerly  observed,  that  the  involuntary  muscles 
require  intervals  of  relaxation  equally  as  the  voluntary  do; 
but  the  increasing  difficulty  of  exciting  repeated  contrac- 
tions by  efforts  of  which  we  are  conscious,  and  the  uneasy 
feeling  consequent  on  frequent  repetition  of  muscular  sen- 
sations, are  peculiar  to  the  muscles  employed  in  the  function 
now  under  our  view ;  mental  efforts  being  wholly  incffcc- 

•  See  IIat-leh,  Elem.  Pliysiol.  torn.  iv.  p.  481. 
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tual,  and  muscular  sensations  being  hardly  felt,  in  the  in- 
voluntary muscles. 

The  actions  of  the  voluntary  muscles  are  habitually  more 
irreo-ular,  and  their  contractions  are  often  continued  longer, 
than  those  of  the  involuntary  are ;  and  it  is  evident,  from 
the  variety  of  positions  which  the  limbs  may  retain  during 
sleep,  that  all  these  muscles  can  rest  in  various  states  of 
contraction;  which  is  of  great  importance,  as  enabling 
them  to  combine  in  the  performance  of  complex  motions. 
But  the  amount  of  contraction  of  which  these  muscles  are 
susceptible,  is  not  so  great  as  that  which  some  of  the  in- 
voluntary muscles,  such  as  the  bowels,  or  the  bladdei',  oc- 
casionally imdergo. 

The  rapidity  with  whicli  separate  contractions  of  volun- 
tary muscles  may  follow  each  other,  both  in  the  human 
body  and  the  lower  animals,  is  inconceivable.  It  has  been 
ascertained  that  some  men  can  pronounce  articulately  1500 
letters  in  a  minute,  which  implies  1500  successive  contrac- 
tions of  muscular  fibres.  If  we  suppose,  with  Haller,  a 
relaxation,  of  equal  duration  as  the  contraction,  to  be  ne- 
cessary to  make  the  sounds  distinct  from  one  another,  each 
of  these  contractions  must  have  taken  place  in  the  50th 
part  of  a  second;  but  even  if  this  condition  be  not  neces- 
sary, each  contraction  must  have  been  willed  and  accom- 
plished in  the  25th  part  of  a  second;  and  during  this  time, 
or  in  the  intervals  of  these  volitions,  the  mind  must  have 
been  carrying  on  other  trains  of  thought.  According  to 
the  calculations  of  Haller,  a  dog,  in  running,  will  some- 
times exert  distinct  volitions  for  the  movement  of  liis  legs, 
200  times  in  a  second. 

It  was  already  observed  (p.  134)  that  the  strictly  In- 
stinctive motions  of  the  voluntary  muscles,  caused  by  voli- 
tions which  instantly  and  inevitably  succeed  certain  sensa- 
tions, liowever  complicated  they  may  be,  are  performed 
correctly  from  the  first.  But  when  we  attend  to  the  man- 
ner in  which  the  strictly  Voluntary  motions,  prompted  by 
more  complex  mental  processes,  arc  at  first  performed  in 
the  human  species  and  in  some  other  animals,  we  observe, 
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that  it  is  billy  by  repeated  trials,  and  after  frequexit  fail- 
ures, that  we  learn  liow  to  move  the  A^oluntary  muscles,  so 
as  to  accomplish  the  objects  desii'ed.  This  process  of  edu- 
cation evidently  depends  on  two  principles,  first,  on  the 
Muscular  Sensations,  which  accompany  all  the  contractions 
that  the  will  excites,  and  whicli  ai'e  remembered,  and  ai"e 
the  guide  to  the  repetition  of  the  same  action ;  secondly,  on 
the  mental  law  of  the  Suggestion  of  Thoughts  by  previous 
Association,  whereby  each  of  these  muscular  sensations 
suggests  the  volition,  which  had  formerly  succeeded  it,  in 
the  performance  of  any  complex  action ;  so  that,  after 
some  experience,  the  different  volitions  necessary  to  its  per- 
formance, become  associated  in  trains,  which  follow  one 
another  without  fixing  the  attention,  and  cannot  afterwards 
be  broken  without  an  energetic  effort  of  the  will. 

In  attending  to  the  acts  of  our  own  minds  in  performing 
any  voluntary  action  which  has,  by  frequent  repetition, 
become  habitual,  we  become  sensible  of  the  power  and  the 
importance  of  this  mental  law  of  Association. 

Farther,  by  such  habitual  repetition  of  movements,  the 
muscidar  organs  concerned  in  them  are  gradually  augment- 
ed and  strengthened  (see  p.  14) ;  and  thus  a  gradual  in- 
crease is  effected  in  the  strength,  facility,  and  precision, 
with  which  habitual  movements  are  performed. 

These  habitual  movements  are  ultimately  performed 
with  so  little  effort,  interfere  so  little  with  other  trains  of 
thought,  and  the  volitions  prompting  them  are  so  quickly 
forgotten,  that  many  writers  have  considered  them  as  be- 
coming, after  a  time,  truly  involuntary.  But  that  this  doc- 
trine is  quite  incorrect  appears  distinctly  from  two  con- 
siderations. 

1.  That  the  inconceivably  short  space  of  time,  in  Avhich 
the  different  volitions  necessary  for  such  habitual  move- 
ments must  take  place,  and  the  total  want  of  subsequent 
recollection  of  them,  furnish  no  evidence  against  then  ex- 
istence, is  proved  by  the  case  adduced  by  Mr  Stewart  on 
this  point,  of  the  equilibrist  who  balances  himself  on  a 
cord,  and,  at  the  same  time,  two  or  three  rods  on  different 
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parts  of  his  body  *.  The  frequent,  rapid,  A^aried,  and  nice- 
ly regulated  movements,  by  which  this  must  be  done,  can- 
not possibly  have  been  associated  in  any  one  train,  as  those 
in  any  habitual  mechanical  operation  are, — because  they 
must  be  regulated  by  accidents  which  will  vary  on  each  re- 
petition of  the  experiment ;  yet  they  are  performed  in  as 
short  a  time,  and  leave  as  little  traces  on  the  recollection, 
as  those  concerned  in  any  such  habitual  movement. 

2.  Although  "  in  playing  a  musical  instrument,  or  in 
many  mechanical  operations  in  the  arts,  tbe  motions  are  so 
rapid,  that  we  find  it  difficult  to  say  that  there  could  have 
been  a  distinct  voluntary  effort  for  each,  yet  these  motions 
cease  as  soon  as  the  will  to  move  is  discontinued,  and  be- 
gin again  when  it  is  renewed.  This  case  is  most  obvious- 
ly distinct  from  the  motion  of  tbe  heart  or  other  truly  in- 
voluntary muscles,  in  which  not  only  the  closest  observa- 
tion can  d.etect  no  sensation,  but  the  most  resolute  exer- 
tion of  the  will  cannot  modify  the  motion  f ." 

We  must  be  careful,  therefore,  never  to  confound  those 
motions  which  are  truly  voluntary,  however  easily  they 
may  be  performed,  and  however  closely  they  may  have 
*'  clung  together  by  association,"  from  those  which,  by 
reason  of  the  peculiar  endowment  of  the  nerves  supplying 
the  muscles  employed  in  them,  are  truly  beyond  the  con- 
trol of  the  will.  "  Eterna  lege  separatur  Voluntatis  im- 
perium  ab  Irritabilitatis  provincial.' 

Inattention  to  this  distinction  led  Stahl,  Darwin,  and 
other  physiologists,  to  think,  that  the  same  law  of  Associ- 
ation, which  explains  the  formation  of  habitual  trains  of 
successive  voluntary  motions,  would  likewise  explain  the 
constant  successive  movements  of  the  auricles  and  ven- 
tricles of  tbe  heart,  and  the  peristaltic  movements  of  the 
bowels  §,  and  was  generally  applicable  to  all  muscular  con- 
tractions without  exception  ;  whereas  it  is  in  reality  a  law 
of  mental  phenomena  only,  applicable  to  those  muscular 

•  Elements,  &c.,  vol.  i.  chap.  u.  f  Rees'  Cycloptedin. 

t  Haller,  §  DAttwiN'a  Zoonomia,  vol.  L  p.  3«j  2C7,  &c. 
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contractions  which  are  excited  hy  mental  acts,  but  not  to 
other  muscular  contractions. 

The  distinction  of  the  Instinctive  from  the  strictly  Vo- 
luntary motions  stated  at  p.  170,  is  sufficiently  illustrated 
by  the  complex  acts  of  sucking  and  deglutition,  correctly 
performed  by  the  new-born  infant;  and  by  a  comparison  of 
these  movements  with  the  corresponding  actions  of  other 
young  animals,  destined  to  procure  their  nourishment  in 
other  ways;  but  it  is  difficult  to  determine  what  other 
movements,  as  seen  in  the  human  species,  are  truly  in- 
stinctive.   Probably,  however,  not  only  those  movements 
by  which  the  immediate  gratification  of  the  appetites  is 
procured,  but  those  likewise  by  which  we  avoid  certain  in- 
juries immediately  threatening  us,  as  in  winking,  withdraw- 
ing the  hand  from  the  fire,  or  throwing  forward  the  arms 
when  we  fall, — those  hy  which  we  move  the  eyeballs  so  as 
to  turn  the  axes  of  both  eyes  to  an  object  which  arrests  our 
attention, — those  by  which  we  close  the  sphincters,  on  ir- 
ritation of  the  rectum  or  bladder, — are  truly  instinctive ; 
by  which  we  mean  that  these  movements  are  prompted  by 
volitions  Originally  and  directly  consequent  on  certain  sen- 
sations ;  and  are  not  prompted,  like  the  strictly  voluntary 
motions,  by  the  more  circuitous  process  above  described, 
in  which  reasoning,  imagination,  desire,  and  experience  or 
association,  are  successively  concerned. 

At  the  same  time  it  is  to  be  observed,  that  these  instinc- 
tive motions  are  always  preceded  by  distinct  efforts  of  the 
will,  and  are  not  therefore  the  direct  effects  of  mere  sensa- 
tion ;  and  in  many  instances,  in  the  lower  animals,  they 
procure  no  enjoyment,  but  inconvenience  and  even  suffer- 
ing, to  the  animals  themselves,  although  necessary  to  the 
preservation  of  the  species  *. 

The  phenomena  of  these  instinctive  motions  are  peculiar- 
ly important  as  evidences  of  Design  in  the  Universe,  be- 
cause they  are  precisely  analogous  to  the  phenomena,  from 
•  See  Paley's  Natunil  Theology. 
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which  we  all  uniformly  and  habitually  infer  the  existence 
of  intelligent  minds  in  other  men  ;  they  lead  directly  to  the 
same  inference  as  to  Intelligence ;  and  yet  we  see  clearly, 
and  even  feel  in  our  own  persons,  that  the  intelligence 
which  they  imply  is  not  in  the  individual  beings  that  are 
endowed  with  them,  but  must  be  ascribed  to  the  higher 
Power,  from  which  they  derive  both  their  mental  consti- 
tution and  their  muscular  organs. 

The  following  general  facts  or  principles  demand  atten- 
tion in  regard  to  the  movements,  whether  instinctive  or 
strictly  voluntary,  performed  by  the  voluntary  muscles  of 
the  human  body. 

1.  They  appear  to  be  all  the  effects  of  muscular  contrac- 
tions. Voluntary  relaxations  are  within  the  power  of  the 
mind,  and  are  necessary  to  various  movements,  but  do  not 
appear,  in  the  human  body,  to  be  in  any  case  the  cause  of 
voluntary  motions,  although  it  is  suspected  that  they  are 
in  some  other  animals  *. 

2.  As  the  voluntary  muscles  are  intended  to  move  bones, 
and  other  solid  parts,  which  are  so  articulated  or  connected 
with  one  another  as  to  be  susceptible  of  motion  only  in 
certain  directions,  and  require  considerable  force  to  move 
them  at  all,  so  they  have  regular  forms,  and  the  direction 
and  effect  of  their  contractions  are  determined  by  these 
forms,  by  their  position  in  the  body,  and  by  the  other  tex- 
tures, especially  the  fibrous  textures,  with  which  they  are 
connected.  But  every  muscle  can  contract  either  partially 
or  completely,  with  various  degrees  of  force,  and  to  vari- 
ous extent,  and  can  combine  variously  with  the  contrac- 
tions of  other  muscles ;  and  therefore  it  is  impossible,  by 
merely  studying  the  forms  of  muscles,  and  their  origins 
and  insevtions  on  the  skeleton,  to  understand  the  whole  ex- 
tent and  variety  of  motions,  which  these  muscles  may  com- 
municate to  theboncs,'and  to  the  soft  parts  which  the  bones 
support. 

3.  The  word  Origin  is  generally  applied  to  the  loss 

•  See  Becxard,  Auat.  Gen.  p.  5C'l. 
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moveable  extremity  of  a  muscle,  and  the  word  Insertion 
to  the  more  moveable,  which  is  brought  towards  the  other 
when  the  muscle  contracts ;  but  in  some  cases,  the  less 
moveable  extremity  of  a  muscle  is  fixed  by  other  muscles, 
and  it  then  acts  on  its  origin,  as  when  the  abdominal 
muscles  assist  in  depressing  the  trunk  of  the  body,  or  when 
the  genio-hyoideus  and  mylo-hyoideus  depress  the  lower 
jaw. 

4.  Muscular  fibres  are  generally  placed  obliquely  to  the 
line  of  direction  in  which  the  motion  they  communicate  is 
to  take  place,  being  seldom  rectilineal,  often  radiated,  penni- 
form,  or  compound  penniform.  From  this  two  conse- 
quences necessarily  follow,  first.  That  they  must  exert  a 
greater  force  to  communicate  a  given  extent  of  motion  ;  se- 
condly.  That  they  will  undergo  a  less  amount  of  contrac- 
tion in  communicating  that  extent  of  motion,  than  they 
■\Vould  have  done  if  their  direction  had  coincided  with  their 
line  of  action. 

Farther,  the  oblique  disposition  of  the  fibres  of  muscles 
allows  of  their  tapering  form,  and  of  their  power  being 
concentrated  in  narrow  tendons,  or  on  small  points,  and  is 
therefore  frequently  important,  both  to  symmetry  and  to 
convenience. 

5.  In  studying  the  action  of  muscles  on  bones,  and  on 
the  parts  which  these  support  or  inclose,  we  consider  the 
bone  as  a  lever  ;  the  joint  at  which  it  is  to  be  moved  as  the 
fulcrum;  the  muscle,  acting  at  its  point  of  insertion,  as  the 
power ;  and  the  weight  of  the  parts  supported  by  the  bone, 
acting  at  their  centre  of  gravity,  as  the  weight  or  resistance, 
which  the  lever,  moved  by  the  power,  has  to  overcome. 
And  in  this  view  we  observe,  first,  that  the  kind  of  lever 
employed  in  the  animal  system  is  generally  of  the  third  or^- 
der,  i.  e.  where  the  power  is  applied  between  the  fulcrum 
and  weight ;  secondly,  that  the  point  where  the  power  acts 
is  generally  very  near  the  fulcrum;  and  thirdly,  that  the 
line  of  direction  by  which  the  power  acts,  generally  makes, 
in  the  beginning  of  the  motion  at  least,  a  very  acute  angle 
with  the  lever.    All  these  points  arc  illustrated  by  attend- 
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ing  to  the  insertions  of  the  flexor  and  extensor  muscles  of 
the  arm,  fore-arm,  thigh,  and  leg.  In  all  these  respects, 
the  power  of  the  muscles  acts  at  great  disadvantage  in  re- 
gard to  the  motion  to  he  communicated  ;  and  the  more  so, 
as  the  muscles  of  the  limbs  are  generally  hound  down  hy 
fasciae,  so  as  not  to  change  their  direction  so  much,  and  so 
advantageously,  as  they  otherwise  would  do,  after  the  mo- 
tions they  cause  have  commenced. 

In  these  respects,  as  well  as  in  the  direction  of  the  in- 
dividual fibres  of  muscles,  the  arrangements  are  such  as  to 
economize  the  length,  much  more  than  the  strength  or  power 
of  muscular  contractions ;  and  are,  besides,  evidently  adapt- 
ed to  prevent  interference  of  one  part  of  the  body  with 
another,  to  preserve  symmetry  of  form,  and  permit  elegance 
of  movement. 

6.  In  some  instances,  liowever,  where  the  weight  or  re- 
sistance is  very  great,  the  lever  employed  in  the  animal 
economy  is  of  the  first  oi'der ;  as  Avhen  the  trunk  of  the 
body  is  either  bent  or  extended  on  the  articulations  of  the 
spine,  by  the  abdominal  muscles  or  extensors  of  the  back, 
— or  of  the  second  order,  as  when  the  whole  weight  of  the 
body  is  thrown  on  the  toes  by  the  elevation  of  the  heel  by 
the  Tendo  Achillis ;  and,  in  some  instances,  as  in  this  last 
movement,  and  in  the  flexion  of  the  body  by  the  abdomi- 
nal muscles,  both  the  length  of  tlie  arm  of  the  lever,  by 
which  the  muscles  act,  and  the  angle  at  which  they  act,  are 
much  more  advantageous  than  usual.  Tlie  extension  of  the 
body  by  the  muscles  of  the  back,  placed  longitudinally 
along  the  spine,  being  an  action  in  which  the  power  acts 
by  a  very  short  lever,  and  often  in  opposition  to  gravity, 
requires  a  much  greater  strength  of  muscle  than  the  flexion 
of  the  body  does. 

7.  In  performing  many  even  of  the  most  common  move- 
ments of  the  human  body,  a  definite  combination  and  suc- 
cession of  contractions,  not  only  of  neighbouring  muscles, 
but  of  distant  muscles,  associated  into  groups  by  their  con- 
currence in  these  actions  only,  and  by  no  anatomical  rela- 
tions, is  often  required.    Thus  the  projection  of  tlic  body 
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at  each  step  in  running  or  walking  quickly,  requires  a  com- 
bined action  of  the  extensors  of  the  thigh,  of  the  leg,  and 
of  the  foot,  in  order  that  the  metatarsal  bones  may  be 
pressed  with  due  force  against  the  ground ;  this  must  be 
succeeded  by  an  action  of  the  flexors  of  all  these  parts,  by 
which  the  limb  may  be  raised  and  brought  forward ;  and 
farther,  in  order  that  the  equilibrium  and  erect  posture  may 
be  maintained  during  these  movements,  a  certain  action  of 
the  extensors  of  the  back,  and  certain  motions  of  the  ai'ms, 
are  necessary.  By  much  attention,  and  frequently  repeated 
trials,  especially  in  youth,  a  great  variety  of  combinations 
of  muscular  actions  may  be  formed  and  associated,  exactly 
in  the  same  manner  as  those  concerned  in  these  common 
motions. 

8.  For  the  performance  of  most  complex  actions,  not 
only  various  muscles,  and  associated  combinations  of  the 
actions  of  these,  but  a  certain  adaptation  of  the  form  of  the 
skeleton  to  the  movements  thus  effected,  are  essential  con- 
ditions ;  and  the  circumstances,  in  the  form  and  disposition 
of  the  bones,  which  are  most  important  for  these  purposes, 
are  often  not  obvious  on  first  consideration  of  the  subject. 
For  example,  for  maintaining  the  erect  attitude  of  man  in 
all  his  movements,  and  at  the  same  time  rendering  these 
movements  easy  and  graceful,  the  following  provisions,  in 
the  bony  fabric,  different  from  what  are  seen  in  others  of 
the  mammalia,  are  truly  essential ;  first,  That  the  lower 
limbs  should  bear  a  very  unusual  proportion  to  the  whole 
body  in  length,  and  their  articulating  surfaces  in  breadth ; 
secondly.  That  the  pelvis  should  be  unusually  broad,  and  so 
hollowed  internally  as  to  give  room  for  certain  viscera,  aud 
through  them  support  to  others ;  and  that  the  basis  of  sup- 
port which  it  gives  to  the  trunk  of  the  body  in  the  erect 
posture,  should  be  farther  enlarged  by  the  length  of  the  cer- 
vix femoris,  which  disengages  the  shaft  of  the  thigh-bone 
from  the  hip-joint,  and  allows  the  limbs  to  be  widely  sepa- 
I'ated;  while  the  head  of  the  bone,  within  the  acetabulum, 
being  the  centre  of  movement,  the  angular  motion  of  tlic 
pelvis  at  each  successive  projection  of  the  lower  extrcmi- 
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ties  is  small ; — thirdly,  That  the  shaft  of  the  femur  be  ob- 
lique and  its  inner  condyle  long,  as  well  as  its  general  di- 
rection yertical,  so  that  its  articulating  surface  at  the  knee 
may  be  perpendicularly  under  the  pelvis  in  the  erect  pos- 
ture -—fourthly,  That  the  whole  lower  surface  of  the  tarsus, 
metatarsus  and  toes,  be  at  right  angles  to  the  leg,  and  rest 
on  the  ground  in  standing,  so  as  to  give  a  broad  and  firm 
support  to  the  body ; — -fifthly.  That  the  breadth  of  the  bony 
fabric  of  the  chest  be  greater  than  its  depth  from  the  ster- 
num to  the  spine,  whereby  the  arms  are  widely  separated, 
and  the  centre  of  gravity  of  the  trunk  is  thrown  back; — 
sixthly,  That  the  lumbar  vertebrae  and  sacrum  be  large  and 
strong,  and  the  vertebi'al  column  disposed  in  a  waving  line, 
so  that  the  viscera  may  be  duly  lodged  and  supported,  and 
the  centre  of  gravity  be  prevented  from  coming  too  much 
forward  in  the  erect  posture; — and  lastly.  That  the  foramen 
magnum,  and  condyles  of  the  occipital  bone,  be  situated 
about  the  middle  of  the  head,  and  the  eyes  and  mouth  be 
directed  forwards,  so  that  the  form  of  the  head  and  face 
may  be  adapted  to  the  erect  posture.  The  peculiarities  of 
the  forms  of  the  muscles,  attached  to  these  parts  in  the  hu- 
man species,  correspond  strictly  with  those  now  stated  in 
I'egard  to  the  bones*. 

The  particular  combinations  of  contractions  of  voluntary 
muscles,  and  movements  elFected  by  them  in  the  other 
parts  of  tlie  body,  cannot  be  studied  with  advantage  with- 
out the  aid  of  preparations  or  drawings;  but  are  well  ex- 
plained in  the  writings  of  Baiiclay-]-,  Magendie,  Arnott| , 
and  RouLiN  §. 

One  curious  department  of  tliis  subject  relates  to  the 
manner  in  which  the  different  modulations  of  the  voice, 
and  different  articulate  sounds,  are  effected  by  voluntary 
movements  of  the  respiratory  muscles,  and  of  the  muscles 
of  the  Larynx,  Velum  Pendulum,  and  Arches  of  the  Pa- 

•  See  Lawrence's  Lectures  on  the  Physiology  ai^d  Natural  History 
of  Man. 

t  On  Muscular  Motion.  +  Elements  of  Physics. 

§  .Joumal  de  Physiologic,  t.  i.  and  ii. 
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late,  Tongue,  and  Lips,  jn-odiicing  and  varying  eonorous 
vibrations  iu  the  expired  air.  It  is  ascertained  that  the 
posterior  part  of  the  tongue,  the  velum  pendulum;  and 
arches  of  the  palate,  as  well  as  the  muscles  of  the  larynx 
(especially  of  the  thyroarytenoid  muscles,  moved  by  the 
recurrent  nerves,  and  vi^hich  stretch  the  ligaments  of  the 
glottis),  are  necessarily  concerned  in  the  modulation  of  the 
voice  *.  The  chief  agents  in  articulation  are  the  lips  and 
anterior  part  of  the  tongue. 

The  general  effects  of  I'epeated  and  habitual  exercise  of 
voluntary  muscles,  on  other  parts  of  the  animal  economy, 
are  of  great  importance,  particularly  in  the  prevention  of 
disease.  The  following  effects  undoubtedly  result  from 
exercise,  habitually  taken,  but  within  limits  consistent  with 
health. 

1.  The  motion  of  the  blood  is  habitually  accelerated,  and 
the  heart  excited  to  increased  action,  whereby  it  acquires 
an  increase  of  strength,  and  probably  even  of  bulk  -f-. 

2.  The  circulation  on  the  surface  of  the  body  is  habi- 
•  tually  excited,  and  the  excretion  there,  and  probably  at  the 

lungs  also,  increased. 

3.  The  circulation  in  the  muscles  that  are  exerted  is  par- 
ticularly excited,  and  their  bulk,  as  well  as  strength,  gra- 
dually increased ;  and  both  in  consequence  of  this  effect, 
and  of  that  last  mentioned,  a  considerable  derivation  of 
blood  from  the  capillaries  of  other  parts,  especially  inter- 
nal parts,  is  no  doubt  effected. 

4.  The  mental  efforts  requisite  for  continued  and  yigo- 
rous  voluntary  exertions,  and  the  different  sensations  neces- 

"  See  Report  by  Cuvjeb,  to  the  French  Institute,  on  a  Memoir  by  M- 
Bennati,  10th  May  1830;  and  a  case  by  Renauld,  in  Journal  Heb- 
dom.  t.  i.  p.  CG. 

•j-  Some  experiments  of  Magendie  distinctly  prove,  that  strong  muscu- 
lar exertion,  particularly  when  attended  with  violent  efforts  of  expiration, 
implying  compression  of  the  great  arteries  in  the  thorax  and  abdomen,  forces 
forward  the  blood  into  the  gi-eat  veins  rapidly  and  powerfully,  at  the  same 
time  that  the  flow  along  these  veins  is  somewhat  retarded  by  the  dis- 
ordered state  of  the  respiration. 
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sarily  resulting  from  them,  are  incompatible  with  any  con- 
tinued exercise  of  the  mental  faculties  on  other  subjects, 
and  therefore  often  interrupt,  or  prevent,  such  trains  of 
thought  as  might  otherwise  have  occupied  the  mind. 

It  appeared  from  facts  already  stated  (p.  131  and  236), 
that  such  voluntary  efforts  as  continue  to  be  made  by  an 
animal,  in  which  the  medulla  oblongata  only  remains  in  the 
cranium,  are  still  effectual  in  exciting  muscular  contraction ; 
but  that  all  indications  of  those  more  complex  acts  of 
thought,— which  precede  and  cause  most  of  the  voluntary 
efforts  by  which  the  muscles  are  moved, — disappear,  at 
least  in  the  higher  animals,  after  the  removal  of  the  higher 
parts  of  the  nervous  system,  and  especially  of  the  hemi- 
spheres of  the  brain.  Hence  it  may  naturally  be  inferred, 
that  in  most  cases  of  voluntary  actions,  where  the  volitions 
exciting  them  are  consequent  on  recollections  and  trains  of 
thought  (however  short),  some  physical  change  is  trans- 
mitted downwards,  from  the  higher  portions  of  the  brain 
or  cerebellum,  to  the  medulla* oblongata,  and  determines  the 
peculiar  action  there,  by  which  the  voluntary  muscles  are 
excited;  and  it  is  reasonable  to  suppose  that  any  such  phy- 
sical change,  which  these  higher  portions  of  the  brain  or 
cerebellum  thus  transmit  downwards  to  the  medulla  oblon- 
gata, may  be  imitated  by  a  mechanical  injury. 

These  considerations  enable  us  to  understand  how  it 
should  happen,  as  many  experiments  by  Magendie  and 
others  have  shown,  that  in  consequence  of  sections  of  dif- 
ferent parts  of  the  nervous  system  within  the  head,  superior 
to  the  medulla  oblongata,  certain  definite  and  combined  ac- 
tions of  voluntary  muscles  are  excited ;  such  as  apparently 
indicate,  not  that  the  muscles  are  moved  involuntarily,  as 
by  irritation  of  their  own  nerves, — but  that  the  will  of  the 
animal  is  constrained  so  to  act,  as  to  excite  certain  move- 
ments only.  Phenomena  exactly  similar  are  occasionally 
o])served  in  the  course  of  various  diseases  of  the  nervous 
system. 

The  most  uniform  effects  of  this  kind,  observed  in  expe- 
riments on  animals,  have  been  a  movement  forwards,  Avhen 
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the  bands  of  medullary  matter  passing  forwards  tln-ougli 
the  Corpora  Striata,  from  the  crura  cerebri  into  the  hemi- 
spheres, have  been  cut  through  ;  a  movement  backwards, 
when  the  Cerebellum  has  been  wounded  or  cut  off ;  and  a 
movement  of  rotation,  to  either  side,  when  the  bands  of 
medullary  matter  passing  through  the  Crura  Cerebelli,  to 
form  great  part  of  the  Tuber  Annulare,  have  been  divided 
on  that  side.  ,  And  these  facts  seem  to  lead  to  the  conclu- 
sion, that  those  acts  of  thought  which  prompt  the  volition 
to  move  in  these  different  ways,  act  on  the  Medulla  Oblon- 
gata for  that  purpose,  through  these  different  parts  respec- 
tively. It  is  a  fact  ascertained  by  Flourens,  and  which 
must  at  present  be  regarded  as  anomalous,  that  section  of 
the  branches  of  the  seventh  nerve  contained  in  the  semi- 
circular canals,  in  birds,  produces  movements  of  the  head, 
horizontal  or  vertical,  according  to  the  parts  injured,  simi- 
lar to  those  now  mentioned  in  the  trunk  and  limbs ;  which 
abate  when  the  animal  is  at  rest,  but  constantly  recur  when 
it  attempts  any  motion  *. 

The  loss  of  the  Cerebellum  in  animals,  particularly  warm- 
blooded animals,  appears  from  the  experiments  of  Rolando, 
Fi>ouRENS,  and  othei's,  to  be  generally  attended  by  a  pecu- 
liar effect  on  voluntary  motion.    The  animals,  after  this, 
mutilation,  provided  that  compression  of  the  parts  of  tlie 
nervous  system  which  are  left  is  avoided,  not  only  appear 
capable  of  sensation,  but  give  all  the  usual  indications  of 
intelligence,  and  evidently  exert  volitions  which  throw 
many  voluntary  muscles  into  action;  but  they  are  unable 
so  to  regulate  the  contractions  of  their  muscles,  as  to  per- 
form any  definite  voluntary  action,  excepting  only  those 
which  are  the  most  strictly  instinctive,  and  the  most  close- 
ly linked  with  some  of  their  sensations,  such  as  biting  and 
deglutition.    All  the  voluntary  movements  of  the  body  and 
limbs  are  performed  in  this  state,  in  so  irregular  a  manner, 
that  they  are  generally  ineffective  for  the  ptu-poses  wliicli 
are  evidently  intended ;  and  most  of  the  usual  complex 
movements  cannot  be  performed. 

"  See  Ann.  lies  Sciences  Naturelles,  t.  xv. 
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This  may  be  supposed  to  be,  either  because  the  injury 
produces  certain  permanent  uneasy  feelings,  such  as  verti- 
go, which  interfei-e  with  and  confuse  the  sensations,  by 
which  the  voluntary  movements  are  regulated  ;  or  because 
the  recollection  of  muscular  sensations,  which  are  the  guide 
to  all  definite  voluntary  movements,  depends  upon  the  cere- 
bellum, and  is  lost  when  it  is  destroyed,  in  like  manner  as 
the  recollection  of  other  sensations  and  mental  acts  ap- 
pears to  be  lost  when  the  hemispheres  of  the  brain  are 
desti'oyed  *. 

This  last  opinion  may  be  thought  to  be  supported  by  the 
fact,  that  in  Man,  where  a  greater  number  and  variety  of 
complex  voluntary  movements  are  learned  by  expei'ience, 
and  are  associated  in  trains  by  means  of  the  muscular  sen- 
sations accompanying  them,  than  in  any  other  animals,  the 
lobes  of  the  cerebellum  are  more  developed  than  in  any 
other;  and  again,  that  in  those  animals  which  have,  im- 
mediately after  birth,  the  power  of  regulating  their  volun- 
tary movements  for  definite  objects,  with  the  most  preci- 
sion, according  to  observations  recently  made  by  Sir  W. 
Hamilton,  the  cerebellum  is  very  generally  found,  at  the 
time  of  birth,  the  most  developed. 

This  is  all  that  can  be  stated,  at  present,  as  to  the  parts 
of  the  nervous  system  which  furnish  the  conditions  neces- 
sary for  the  excitation,  firsts  of  the  volitions  by  which  the 
actions  of  the  voluntary  muscles  are  caused  ;  and  secondly, 
of  the  muscular  sensations,  by  which  they  are  guided. 
When  the  volitions  take  place,  it  appears  from  facts  already 
stated,  that  it  is  by  changes  which  they  effect  in  the  me- 
dulla oblongata,  spinal  cord,  and  nerves,  that  they  produce 
the  contractions  of  muscles. 

•  See  Ginou  de  Buzareingues,  in  Annales  des  Sciences  Naturelles 
t.  XV.  p.  02. 
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CHAPTER  XV. 

OF  THE  INVOLUNTARY  ACTION  OF  THE  MIND  ON 
THE  BODY. 

There  is  reason  to  think,  not  only  that  all  mental  acts 
are  attended  by  some  physical  chanpjes  in  the  nervous  mat- 
ter itself,  but  that  different  mental  acts,  and  particularly 
any  strong  efforts  of  voluntary  attention,  produce  effects  on 
the  state  of  the  circulation  through  the  nervous  system. 
But  all  the  decided  effects  upon  other  organs,  which  ean  be 
ascribed  to  mental  causes,  may  be  referred  to  the  heads  of 
Volitions  and  Instinctive  propensities  (already  considered), 
of  Emotions,  and  Sensations.  The  effects  of  these  last  in- 
voluntary acts  of  mind,  on  the  body,  deserve  more  atten- 
tion than  they  have  received  from  most  physiologists. 
They  constitute  one  important  element,  which  must  be 
taken  into  account  in  considering  various  questions  in  pa- 
thology and  therapeutics ;  and  tliey  may  serve  to  give  pre- 
cision to  our  inquiries,  into  the  physiological  uses  of  those 
parts  of  the  nervous  system,  which  we  have  reason  to  sup- 
pose to  be  concerned  in  pi'oducing  them. 

The  effects  which  can  be  distinctly  'ascribed  to  mental 
Emotions,  are  the  following. 

I.  When  acting  in  full  force,  they  excite  strictly  involnn- 
tary  motions  of  the  voluntary  muscles ;  of  which  we  are 
conscious,  because  no  contraction  of  voluntary  muscles 
takes  place,  in  the  natui'al  state,  without  a  muscular  sensa- 
tion informing  us  of  its  occurrence ;  but  which  we  do  not 
excite  by  any  effort  of  our  own,  and  can  only  control  indi- 
rectly, either  by  fixing  the  attention  on  some  other  object, 
— and  thereby  superseding  the  emotion  itself, — or  else,  by 
voluntarily  exciting  other  muscular  contractions,  which  an- 
tagonize those  that  we  wish  to  conceal. 
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Of  tbis  kind  are  the  complex  actions  of  Laughter  and 
Weeping,  from  the  feeling  of  the  Ridiculous,  or  from  the 
emotion  of  Grief,  however  excited ;  whether  by  what  is 
seen,  heard,  remembered,  or  imagined ;  and  the  slight  con- 
tractions of  the  muscles  of  the  face,  and  often  of  the  body 
and  limbs,  by  which  mental  emotions  are  expressed,  and 
the  interpretation  of  which  has  the  name  of  Physiognomy. 
The  movements  of  Sighing  from  sorrow,  and  of  Yawning 
fi'om  listlessness,  although  traced  to  mental  emotions,  are 
more  directly  dependent  on  certain  uneasy  sensations. 

These  movements,  as  usually  performed  in  the  body,  may 
be  said  to  belong  to  the  same  class  as  the  instinctive  acts, 
already  considered,  by  which  appetites  are  gratified ;  and 
this  class  of  muscular  movements,  therefore,  passes,  by  in- 
sensible degrees,  into  that  last  mentioned ;  but  when  the 
emotions  prompting  to  them  are  of  a  certain  intensity  and 
duration,  no  voluntary  efforts  can  be  felt  to  intervene  be- 
tween them  and  the  actions  ;  and  the  most  energetic  eiforts 
of  volition  are  even  ineffectual  in  exciting  motions  by  which 
the  action  may  be  concealed. 

The  essential  condition  to  the  action  both  of  laughter 
and  weeping  is  a  long,  often  interrupted,  inspiration, 
succeeded  by  several  short  expirations ;  the  relaxation  or 
ascent  of  the  diaphragm  being  repeatedly  stopped  by  short 
contractions  of  its  own  fibres,  alternating  with  those  of 
tlie  abdominal  muscles :  with  these  movements  are  com- 
bined certain  contractions  of  the  muscles  of  the  glottis  and 
fauces,  regulating  both  the  escape  of  the  air,  and  the 
sonorous  vibrations  of  the  air  that  escapes,  from  the  wind- 
pipe; and  likewise  certain  definite  contractions  of  the  mus- 
cles  of  the  countenance,  and  of  those  moving  the  lower 
jaw,  which  give  expression  to  the  action. 

Besides  these  definite  movemen  ts,  which  are  nearly  con- 
fined to  the  muscles  of  the  face,  neck,  and  chest,  there  are 
other  contractions  of  voluntary  muscles  from  mental  emo- 
tions, which  take  place  cither  generally  over  the  whole 
body,  or  indiscriminately  and  irregularly  in  various  parts, 
as  in  tremors  from  fear,  or  in  the  writhing  of  the  body 
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from  the  emotion  of  horror,  or  in  the  course  of  violent  fits 
of  laughter  or  weeping. 

Farther,  mental  emotions  of  some  strength  and  endu- 
rance, have  a  manifest  influence  on  the  energy  of  the  strict- 
ly voluntary  contractions,  all  over  the  body;  some,  such 
as  Anger,  Hope,  Joy,  increasing  the  muscular  ingour  : 
while  others,  such  as  Grief,  Feai",  or  more  correctly  Des- 
pair, diminish  it.  There  are  examples  of  persons  long 
-  paralytic,  who  have  recovered  the  power  over  their  limbs 
suddenly,  when  under  the  influence  of  violent  emotions*; 
and  there  are  many  instances  of  great,  although  temporary, 
increase  of  muscular  strength,  from  the  influence  of  mili- 
tary ardour,  and  still  more  of  religious  enthusiasm  or 
fanaticism. 

These  eflijcts  on  the  strength  of  contraction  of  A^oluntary 
muscles,  cannot  be  referred  simply  to  the  increased  or 
diminished  strength  of  the  circulation,  which  results  from 
the  same  mental  emotions,  and  will  be  considered  imme- 
diately; because  they  sometimes  take  place  almost  instan- 
taneously, and  because  other  agents  which  afi'ect  the  heart's 
action  more  powerfully,  do  not  add  equally  to  the  vigour 
of  the  voluntary  muscles.  Nay,  the  emotion  of  fear  often 
quickens  and  strengthens  the  heart's  action,  while  it 
weakens  the  limbs. 

The  eff^ect  of  emotion  on  voluntary  muscvilar  contrac- 
tions may  be  supposed  to  take  place  chiefly  in  that  part  oi 
the  process  necessary  to  such  contractions,  which  is  con- 
fined to  the  nervous  system ;  but  as  a  similar  effect  is  pro- 
duced on  the  actions  of  the  heart,  which  are  not  excited 
through  its  nerves,  we  must  suppose  that  at  least  a  part  of 
the  eff"ect  is  produced  on  the  property  of  irritability,  resident 
in  the  muscular  fibres  themselves. 

It  is  to  be  observed,  that  this  kind  of  effect  of  emotions 
on  voluntary  muscles  is  not  produced  on  individual  parts 
only,  but  generally  ove?'  the  body. 


II.  The  different  mental  emotions  produce  decided  ef- 
•  See  ABEncROMBiE,  Pathology  of  the  Brain  niul  Spinal  Cord,  p.  308. 
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fects  on  the  Organic  Functions  of  tbe  body,  and  especial- 
ly on  the  involuntary  motions  concerned  in  circulation,  by 
which  they  are  divided  into  exciting,  such  as  Joy,  Hope, 
&c.  and  depressing,  such  as  Grief,  Fear,  &c. ;  and  although 
these  phenomena  are  too  various  and  complex  to  be  always 
reducible  to  distinct  heads,  yet  this  distinction  may  be 
recognised  in  most  cases. 

1.  The  effects  of  the  Exciting  Emotions  or  passions  are 
widely  different,  according  as  they  are  of  such  a  kind  or 
degree  as  to  act  gently  and  uniformly  for  a  length  of  time ; 
or  as  they  act  suddenly  and  violently,  and  soon  subside. 

Such  emotions  as  act  permanently,  and  without  violent 
agitation,  e.  g.  the  emotion  of  pleasure  that  attends  any 
occupation  which  interests  and  occupies  the  mind, — the 
emotion  of  hope,  from  the  prospect  of  lasting  and  rational 
enjoyments,  or  of  returning  health, — the  emotion  of  bene- 
volence, or  kindly  feeling,  which  attends  the  conferring,  or 
that  of  gratitude,  which  follows  the  receiving,  of  bene- 
fits,— even  the  excitement  produced  by  a  certain  degree  of 
the  feeling  of  indignation, — when  they  are  of  sufficient 
intensity  and  duration,  and  especially  when  they  are 
strongly  contrasted  with  the  previous  state  of  the  mind, — 
have  a  decided  effect  on  the  circulation  ;  which  is  chiefly 
observed  throughout  the  capillary  system.  They  cause  a 
slight  but  permanent  glow  on  the  countenance,  which  con- 
trasts with  the  paleness  of  grief;  they  quicken  the  flow  of 
fluids  through,  or  the  secretion  on,  the'  conjunctiva  and 
cornea,  and  give  brilliancy  to  the  eye  ;  they  perhaps  elevate 
slightly  the  temperature  of  the  surface,  and  certainly  cause 
it  to  be  less  easily  depressed  by  cold.  According  to  the 
observations  of  Sanctorius  and  of  Bryan  Robinson, 
they  increase  the  insensible  perspiration  by  the  skin ;  and 
according  to  Dr  Prout,  they  increase  the  quantity  of  car- 
bonic acid  thrown  off  at  the  lungs;  they  promote  the  secre- 
tions, as  is  obvious  from  their  influence  in  increasing  the 
power  of  digestion,  and  securing  the  regular  evacuation  of 
the  bowels ;  and  favour  nutrition,  as  appears  from  their  being 
generally  found  in  connexion  with  increasing  bulk  of  the 
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body ;  tliey  have  a  well  ascertained  effect  in  protecting  tlie 
body  against  tlie  influence,  not  only  of  cold,  but  of  malaria 
and  contagion, — therefore  against  all  the  most  powerful 
causes  of  acute  disease;  they  manifestly  accelerate  the  conva- 
lescence from  acute  diseases,  and  are  found  very  beneficial  in 
various  chronic  diseases,  in  which  debility  is  a  prominent 
symptom.  In  these  last  instances,  the  effect  of  these  emo- 
tions is  to  counteract  causes  which  evidently  weaken,  and  to 
assist  other  means,  particularly  the  use  of  nourishing  food, 
and  agreeable  sensations  of  warmth,  or  moderate  alternations 
of  temperature,  which  strengthen  the  body.  On  the  whole, 
therefore,  it  appears  that  the  effect  of  these  emotions  is 
gently  and  permanently,  and  often  most  beneficially,  excit- 
ing or  tonic,  on  the  circulation ;  and  that  it  is  most  distinct- 
ly observed  in  the  vital  actions  that  take  place  in  the  capil- 
laiy  system  of  vessels  ; — the  heart's  action  being  little 
affected  in  most  of  these  cases, — while,  in  many  other 
instances,  both  from  mental  and  physical  causes,  the 
heart  is  manifestly  excited  without  any  of  these  good 
effects. 

When  any  of  the  exciting  emotions  or  passions  act  more 
suddenly  and  violently,  their  influence  is  chiefly  observed 
in  the  heart,  and  larger  arteries,  where  the  blood  is  moved 
solely  by  the  impulse  of  the  heart ;  they  cause  increased 
pulsation,  heat,  and  flushing,  and  a  state  like  temporary 
fever,  followed  often  by  more  or  less  of  depression  ;  but  not 
attended  by  any  of  the  beneficial  effects  on  the  secretions 
and  excretions,  and  nutrition  of  the  body,  above  remarked. 
The  exciting  emotion  of  auger,  by  its  stimulating  effect  on 
the  circulation,  has  often  become  the  cause  of  dangerous  or 
fatal  disease.  This  effect  on  the  heart's  action,  implying 
an  increase  of  its  irritability,  according  to  what  was  for- 
merly stated  (p.  12),  is  more  correctly  expressed  by  the 
term  Stimulant  than  Stimulus. 

The  effects  of  the  more  sudden  and  more  violent  passions 
are  also  more  local  than  those  of  the  gentler  and  more  con- 
tinued emotions.  Thus  the  emotion  of  surprise,  especially 
when  attended  with  fear,  excites  the  heart's  action  strong- 
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]y,  ami  thereby  causes  irregularities  in  the  flow  of  blood  in 
the  larger  vessels,  and  sometimes  internal  haemorrhages ; 
while  it  causes  paleness  and  constriction,  instead  of  flush- 
ing, on  the  surface  of  the  body;  and  the  emotion  of  shame 
has  a  powerful  exciting  eff'ect  on  the  circulation  in  the  face 
and  neck,  without  any  such  effect  on  other  parts,  even- of 
the  surface.  The  well  known  exciting  effects  of  certain 
emotions  on  the  secretion  of  the  lachrymal  gland ;  of  others 
on  that  of  the  mamrafe ;  and  of  others  on  that  of  the  testes, 
are  still  more  partial. 

2.  The  feeling  of  listlessness  or  ennui,  from  want  of 
mental  occupation,  and  the  feeling  of  permanent  depres- 
sion from  continued  sorrow,  disappointment,  or  hope 
deferred,  produce  effects  on  the  circulation,  especially  in 
the  capillaries,  and  on  the  secretions,  just  the  reverse  of 
those  ascribed  to  a  permanent  feeling  of  hope  or  joy  ;  they 
make  the  face  pale,  the  eye  dull,  the  skin  cold  or  easily 
chilled ;  they  diminish  the  amount  of  perspiration,  and  the 
excretion  at  the  lungs,  injure  the  digestion,  and  generally 
bind  the  bowels,  and  cause  the  body  to  decline  in  flesh  and 
strength ;  they  favour  the  effect  of  cold,  contagion,  and 
malaria,  in  producing  acute  diseases ;  and  facilitate  the 
attacks,  and  often  frustrate  the  cure,  of  various  chronic 
diseases,  of  which  debility  is  an  essential  constituent. 

Again,  more  sudden  and  violent  Emotions  of  grief,  fear, 
or  despondency,  or  more  mixed  feelings,  as  those  common- 
ly expressed  by  the  terms  Horror,  Disgust,  Vexation,  &c. 
often  produce  syncope,  sometimes  fatal  syncope ;  they  have 
often  a  peculiar  irritating,  if  not  stimulating,  effect  on 
other  involuntary  muscles,  the  bowels,  and  bladder.  Fear 
acts  peculiarly  on  the  vessels,  and  perhaps  on  the  fibrous 
texture,  of  the  skin  ;  and  different  passions  affect  variously 
and  rapidly  the  secretions  of  the  lachrymal  gland,  of  the 
mouth,  of  the  kidneys,  sometimes  of  the  liver,  and  more 
remarkably  of  the  mucous  membrane  of  the  bowels,  and 
probably  of  the  stomach, — and  so  dispose  peculiarly  to 
diseases  of  the  primai  x'lse. 

Farther,  various  emotions,  at  the  same  time  that  they  af- 
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feet,  in  these  different  ways,  tlie  organic  functions  of  the 
body,  excite  distinct  Sensations,  sometimes  pi'etty  general 
over  the  body,  sometimes  confined  to  the  parts  principally 
affected,  and  which  have  been  distinguished  by  the  name 
of  Sensations  of  Emotion.  Thus  a  peculiar  feeling  of  chil- 
liness attends  the  constriction  of  the  surface  from  fear  or 
other  mental  feelings  ;  and  the  sensation  of  nausea,  some- 
times leading  to  vomiting,  attends,  in  many  persons,  those 
emotions  to  which  we  give  the  name  of  horror  or  disgust. 
Those  persons  in  whom  strong  mental  emotions,  and  ef- 
fects consequent  on  them,  in  the  circulation,  and  in  other 
vital  actions,  have  been  excited  by  such  means  as  tractors 
(real  or  fictitious),  or  tlie  manipulations  of  animal  magne- 
tism, have  generally  felt  acute  sensations  in  the  piirts  to 
which  their  attention  has  been  forcibly  directed.  These 
sensations  of  emotion  so  uniformly  attend  the  excitation  of 
physical  changes  in  this  way,  that  it  may  be  conjectured  that 
it  is  through  their  intervention  that  emotions  effect  those 
physical  changes  ;  on  which  supposition,  the  agency  ascrib- 
ed to  this  class. of  mental  acts  would  resolve  itself  into  that 
of  sensations,  next  to  be  considered. 

This  outline  of  the  effects  of  Emotions  on  the  different 
functions  of  the  body,  animal  and  organic,  shews  that  they 
differ  A^cry  materially  from  the  effects  of  any  voluntary  acts, 
in  the  extent  of  their  operation  over  the  body,  as  well  as  in 
the  variety  of  parts  which  they  can  affect.  At  the  same 
time,  it  shews  that,  extensive  as  is  the  operation  of  these 
emotions,  there  are  individual  organs  which  each  has  a 
special  power  of  affecting;  a  fact  which  is  probably  as 
"little  susceptible  of  explanation,  as  the  special  effects  of  the 
cau-scs  of  our  different  sensations  on  the  appropriate  organs 
of  sense. 

It  is  also  important  to  observe,  that  the  effects  of  these 
involuntary  acts  of  mind  are  much  more  various  in  differ- 
ent individuals,  than  those  of  instinctive  and  voluntary  ef- 
forts,— some  persons  being  more  easily  affected  by  one 
kind  of  emotion,  and  others  by  another, — and  some  parts 
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or  organs  of  the  body  being  more  apt  to  suffer  in  one 
person  than  in  anotlier.  In  general,  women  and  chikh-en 
are  more  under  the  influence  of  mental  emotions  than 
men  are  ;  and  all  persons  are  most  under  their  influence  at 
the  times  when  tlieir  voluntary  muscular  powers  are  the 
weakest. 

ill.  The  effects,  in  the  living  body,  which  may  be  rea- 
sonably ascribed  to  Sensations,  are  very  similar  to,  and  in 
some  instances  identical  with,  those  which  we  have  ascribed 
to  mental  emotions, 

1.  As  to  their  action  on  the  Voluntary  muscles, — the  ef- 
fect of  the  sensation  caused  by  venous  blood  slowly  pervad- 
ing the  lungs,  in  exciting  the  complex  actions  of  inspira- 
tion and  expiration,  was  fully  considered  already.  The 
modifications  of  these  movements  in  Laughter  and  Weep- 
ing, are  produced  not  only  by  emotions,  but  also,  in  those 
in  whom  the  nervous  and  muscular  organs  are  much  under 
the  influence  of  involuntary  mental  acts,  by  the  sensation 
of  pain,  and  by  the  sensation  of  tickling,  excited  in  any 
part  of  the  body. 

The  long  inspiration  of  Sighing  seems  to  be  merely  the 
effect  of  the  sensation  in  the  chest  being  felt  more  strongly 
than  usual,  in  consequence  of  respiration  having  been  pre- 
\dously  performed  slowly  and  imperfectly  for  some  time 
together,  generally  on  account  of  some  mental  emotion,  or 
intense  occupation  of  the  mind,  having  prevented  the  sen- 
sation, which  prompts  to  inspiration,  from  attracting  the 
usual  attention,  or  producing  its  usual  effect  *.  Accord- 
ingly, it  results  from  various  mental  acts  or  affections,  be- 
sides the  feeling  of  grief.  The  action  of  Yawning  seems 
also  to  result  from  a  bodily  sensation  of  lassitude  or  gene- 
ral uneasiness,  which  either  succeeds  fatigue,  or  results 
from  inactivity  of  the  body  and  mind  ;  this  last  motion  dif- 
fers from  the  former  chiefly  in  being  followed  by  a  longer 
and  more  forcible  expiration,  and  in  being  attended  by  a 
definite  movement  of  the  muscles  depressing  the  lower  Jaw, 
•  See  Daiuvin's  Zoononiia,  vol.  i. 
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and  by  a  less  definite  contraction  of  various  other  muscles 
of  the  trunk  and  limbs. 

The  actions  of  Coughing  and  Sneezing  are  among  the 
best  examples  of  complex  motions  of  voluntary  muscles, 
strictly  referable  to  sensations  in  the  mucous  membrane  of 
different  parts  of  the  aii'- passages,  and  over  which,  when 
these  sensations  are  in.  full  force,  the  Will  has  no  direct 
power.  In  both  there  is  a  long  inspiration,  followed  by  a 
sudden  and  forcible  expiration,  in  which  all  the  muscles 
that  pull  down  the  ribs  and  force  up  the  abdominal  viscera 
are  called  into  action  ;  but  in  sneezing  both  these  move- 
ments arc  fuller  and  more  sudden  than  in  coughing,  or  in 
any  voluntary  motion  of  the  same  muscles.  To  both  it  is 
essential  that  the  glottis  be  closed  by  an  action  of  the  su- 
perior laryngeal  nerves,  and  arytenoid  muscles,  after  the  ef- 
fort of  expiration  has  commenced,  and  then,  that  effort 
continuing,  that  it  be  suddenly  opened,  so  as  to  give  a  sud- 
den impetus  to  the  current  of  air  driven  through  the  air- 
passages,  sufficient  for  the  expulsion  of  irritating  matters ; 
but  in  the  act  of  sneezing,  it  is  farther  necessary  that  the 
current  be  directed  through  the  nostrils,  by  the  tongue  be- 
ing pressed  against  the  palate,  so  as  to  prevent  its  escape 
through  the  mouth. 

It  is  obvious,  and  it  is  important  to  remember,  that  nei- 
ther of  these  movements  can  be  correctly  performed  after 
an  artificial  opening  has  been  made  into  the  Trachea,  or 
lower  part  of  the  Larynx,  because  such  an  aperture  cannot 
be  voluntarily  closed  and  opened  at  pleasure,  so  as  to  give 
the  requisite  impetus  to  the  current  of  air. 

The  spasmodic  movement  of  the  diaphragm,  called  Hic- 
cup, and  the  actions  of  Eructation,  Regurgitation  or  Ru- 
mination, and  Vomiting,  by  which  different  matters,  and 
with  different  force,  are  rejected  from  the  stomach,  are 
likewise  preceded,  and  may  fairly  be  said  to  be  caused,  by 
certain  sensations.  In  eructation,  all  that  seems  necessa- 
ry is  a  relaxation,  longer  than  iisual,  of  the  muscular  fibres 
of  the  oesophagus,  allowing  what  lies  at  the  cardia  to  arise 
to  the  mouth  ;  but  in  the  others,  and  especially  in  Vomit- 
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ing,  it  is  obvious  that  repeated  and  sudden  simultaneous 
contractions  of  the  diaphragm  and  abdominal  muscles  take 
place  at  the  same  time  with  the  relaxation  of  the  oesopha- 
gus, by  which  the  stomach  is  strongly  compressed,  and  its 
contents  forcibly  expelled.  These  contractions,  in  the 
case  of  Vomiting,  are  always  preceded  by  the  peculiar  sen- 
sation of  Nausea,  which  is  often  attended  with  more  or  less 
of  faintness,  or  of  vertigo;  and  as  it  becomes  more  intense, 
they  are  gradually  and  repeatedly  excited.  This  sensation 
is  followed  also  by  a  sudden  and  rapid  flow  of  saliva,  and 
generally  of  sweat ;  at  the  moment  of  vomiting  the  glot- 
tis is  shut,  and  the  velum  pendulum  palati  raised  and 
stretched  as  in  deglutition ;  and  the  oesophagus  assumes  an 
inverted  action  *. 

The  experiments  of  Magendie  have  distinctly  shewn, 
that  in  the  act  of  vomiting,  any  contraction  of  the  stomach 
itself  which  occurs,  is  hardly  perceptible  either  to  the  sight 
or  touch ;  that  the  simultaneous  action  of  the  diaphragm 
and  abdominal  muscles  is  sufficient  to  expel,  in  the  same 
way,  fluids  contained  in  an  inanimate  sac,  placed  in  the 
same  situation  as  the  stomach  ;  and  even  that  the  expul- 
sion of  the  contents  of  the  stomach  can  be  produced  by  a 
strong  contraction,  either  of  the  diaphragm  or  of  the  ab- 
dominal muscles,  excited  by  an  emetic,  when  the  other  of 
these  agents  is  palsied.  At  the  same  time,  it  is  to  be  ob- 
served, that  the  appearance  of  bile,  after  a  time,  in  matters 
rejected  by  vomiting,  is  enough  to  show  that  a  degree  of 
inverted  action  of  the  stomach  and  duodenum  must  attend 
the  movement.  And  it  is  pretty  certain  that  there  is  an 
increased  flow  of  the  fluids  of  the  stomach,  as  well  as  of 
the  mouth,  during  vomiting. 

It  is  important  to  remember,  that  the  sensation  of  nau- 
sea may  be  excited  in  very  various  ways, — by  certain  sub- 
stances introduced  in  any  way  into  the  blood, — by  certain 
irritations  of  the  stomach, — by  certain  impressions  on,  or 
diseases  of,  the  brain, — by  certain  impressions  on  the  nos- 


■  Beclakd,— See  Diet,  de  Mcclecine,  Art.  Vomissement. 
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trils,  or  the  fauces,— by  certain  diseased  states  of  the  heart, 
bowels,  kidneys,  uterus,  &c. : — but  in  all  these  cases,  when 
it  attains  a  certain  intensity  and  duration,  the  complex  ac- 
tions of  vomiting  follow. 

The  actions  of  voluntary  muscles,  by  which  the  evacua- 
tion of  the  Rectum  and  Bladder  is  partly  effected,  were 
also  stated  as  examples  of  the  effects  of  peculiar  sensations 
on  this  class  of  muscles.  And  in  other  instances,  less  de- 
finite contractions  of  these  muscles  are  excited  by  sensa- 
tions, as  in  the  writhing  of  the  body  from  pain,  or  from 
tickling  the  soles  of  the  feet,  the  general  tremors  succeed- 
ing the  sensations  in  the  bladder  and  urethra  which  follow 
the  discharge  of  urine,  &c. 

2.  Various  sensations  evidently  modify,  nearly  in  the 
same  way  as  emotions  do,  the  action  of  different  Involun- 
tary muscles,  which  they  cannot  be  said  directly  to  excite. 
Thus  the  action  of  the  heart  is  depressed  or  weakened  by 
the  sensation  of  nausea, — in  some  persons  by  certain 
smells, — and  in  all  persons  by  the  sensation  of  cold,  when 
of  a  certain  intensity  and  duration, — and  by  intense  pain 
of  a  peculiar  character,  or  resulting  from  affections  of  cer- 
tain parts,  as  from  a  blow  on  the  epigastrium  or  testis, 
from  inflammation  of  the  bowels  or  kidneys,  &c. ;  and  it  is 
augmented  by  a  grateful  sense  of  heat  after  chilling  of  the 
surface, — by  a  different  kind  or  slighter  degree  of  pain, — by 
certain  smells, — by  grateful  impressions  on  the  palate  and 
stomach,  &c.  The  sensation  of  cold  applied  to  one  part  of 
the  surface,  often  causes  constriction  of  the  capillaries,  and 
perhaps  of  the  skin  over  the  whole  body;  and  sometimes 
acts  rapidly  on  the  involuntary  motions  both  of  the  intes- 
tines and  bladder. 

3.  Sensations  act  equally  as  emotions,  and  variously,  on 
different  Secretions  of  the  body, — on  those  of  the  lachrymal 
gland, — of  the  salivary  glands, — of  the  stomach, — of  the 
liver  and  kidneys, — and  more  remarkably  of  the  testes. 

Those  sensations  which  are  pleasing  and  lasting,  and  not 
violent,  especially  if  agreeably  varied,  ai)pear  to  have  a  per- 
manent beneficial  effect  on  the  capillary  circulation  and 
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secretions,  similar  to  that  of  the  gentler  exciting  emotions; 
and  those  which  are  more  keenly  felt,  like  the  more  violent 
emotions,  affect  individual  parts  peculiarly,  but  all  of  them 
show  a  much  more  extended  operation  over  the  system  than 
any  individual  voluntary  acts  can  exert. 

Many  of  the  muscular  contractions,  and  other  changes, 
now  described  as  the  effects  of  Sensations,  have  been  regard- 
ed by  most  physiologists  as  results  and  illustrations  of  what 
has  been  called  Sympathy,  or  Consent  of  Parts  in  the  ani- 
mal system,  whereby  it  is  supposed  that  a  change  in  the 
vital  actions  of  one  part  of  the  body  becomes  the  immediate 
cause  of  a  change  in  those  of  another,  although  the  actions 
of  these  parts  have  no  immediate  dependence  on  one  ano- 
ther. 

Thus,  when  cold  water  dashed  on  the  face,  or  stimula- 
ting vapours  applied  to  the  nostrils,  cause  a  sudden  act  of 
inspiration,  it  is  said  that  there  is  a  sympathy  between  the 
skin  of  the  face  and  membrane  of  the  nose,  and  the  dia- 
phragm and  intercostal  muscles  ;  when  nausea  and  vomit- 
ing are  produced  by  various  changes  in,  or  impressions  on, 
the  brain,  nose,  fauces,  bowels,  kidneys,  uterus,  &c.,  many 
physiologists  haA^e  been  satisfied  with  saying,  that  there  is 
evidence  of  sympathies  between  these  parts  and  the  sto- 
mach ;  and  again,  when  nausea  and  vomiting  have  abated 
on  certain  changes  being  induced  on  the  skin  (as  by  the 
breaking  out  of  a  sweat,  or  appearance  of  an  eruption),  it 
has  been  said  that  this  is  an  indication  of  a  sympathy  be- 
tween the  stomach  and  skin.  So  also  when  grateful  food, 
or  stimulating  liquors  taken  into  the  stomach  suddenly,  ex- 
cite the  action  of  the  heart,  it  is  said  that  the  heart  sympa- 
thizes with  the  stomach. 

It  is  of  great  importance  to  possess  accurate  information 
as  to  the  nature  of  tlie  connexion  between  different  parts  of 
the  body,  to  which  this  name  has  been  given  ;  because,  when 
we  attend  to  the  manner  in  which  various  diseases  are  ex- 
cited by  their  external  causes,— to  the  manner  in  which  dif- 
ferent morbid  changes  succeed  one  another  in  the  course  of 
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diseases, — and  to  the  manner  in  which  different  remedies 
appear  to  influence  the  body, — we  find  that  these  changes 
are  often  more  analogous  to  the  phenomena  usually  called 
sympathetic,  than  to  any  others  which  the  healthy  body 
presents  ;  and  frequent  reference  is  accordingly  made  to  the 
principle  of  Sympathy  in  medical  writings. 

The  subject  of  Sympathetic  Sensations  has  been  already 
sufficiently  discussed  (p.  207,  et  seq.) ;  aud  it  is  with  those  ac- 
tions only,  of  certain  parts  of  the  body,  which  are  produced, 
as  is  usually  said,  sympathetically,  or  by  reason  of  a  sym- 
pathy with  other  parts,  that  we  are  here  concerned. 

Now,  the  following  considerations  seem  sufficient  to  prove 
that  the  doctrine  maintained  as  to  this  description  of  facts 
by  Whytt  and  Monro  *,  and  acquiesced  in  by  Halleii,  is 
correct, — that  the  immediate  cause  of  such  changes  as  those 
above  mentioned  (p.  261,  et  seq,  and  265),  is  truly,  as  we 
have  stated,  a  mental  Sensation,  which  always  intervenes 
between  the  impression  produced  in  the  one  part,  and  the 
change  which  follows  in  the  other  (or  perhaps  more  correct- 
ly, is  some  action  in  the  nervous  system  which  is  attended 
with,  and  makes  itself  known  by,  a  sensation) ;  and  that  the 
two  parts  sympathize  with  one  another  only  in  so  far  as  the 
sensation  which  affects  the  one,  is  excitable  by  an  impres- 
sion on  the  other. 

1.  That  the  cause  assigned,  in  this  explanation  of  what 
are  called  Sympathetic  Actions,  is  adequate  to  the  effect 
ascribed  to  it,  is  sufficiently  obvious  from  the  fact,  that  the 
changes  in  voluntary  muscles,  in  involuntary  muscles,  and 
in  secretions,  thus  ascribed  to  Sensations,  are  not  only  close- 
ly analogous  to,  but  in  several  instances  identical  with, 
those  which  are  allowed  on  all  hands  to  be  excited  by  emo- 
tions ;  which  are  mental  acts  bearing  a  close  resemblance 
to  sensations,  and  very  generally  attended  or  followed  by 
sensations.  Thus  weeping  and  laughter  may  be  excited  m 
the  irritable  constitution  of  a  child,  as  surely  by  a  blow  on 
the  face,  or  by  tickling  the  sole  of  the  foot,  as  by  any  nien- 

"  See  "Whytt's  Observations  on  the  S3nnpnthy  of  the  Nerves,  and 
Monro's  Treatise  on  the  Nervous  Sj'stem. 
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tal  emotion  ;  and  when  so  excited,  furnish  as  good  evidence 
of  sympathy  between  these  parts  and  the  respiratory  mus- 
cles, as  exists  to  prove  a  sympathy  between  the  nose  and 
diaphragm. 

2.  All  such  phenomena  as  we  here  ascribe  to  Sensation, 
coexist  in  the  animal  system  only  with  indications  of  sensa- 
tion. Movements  may  be  excited  in  muscles,  by  irritation 
of  their  own  fibres,  or  the  nerves  entering  these,  for  some 
time  after  animal  life  is  extinct ;  but  after  the  indications 
of  sensation  have  ceased,  no  movements  of  the  diaphragm 
result  from  in-itation  of  the  nose,  fauces,  trachea,  &c.  simi- 
lar to  those  which  were  so  readily  excited  by  irritation  of 
these  parts  while  sensibility  remained ;  and  the  different 
changes  usually  called  sympathetic,  are  slowly  and  imper- 
fectly effected  whenever  sensibility  is  much  diminished,  as 
in  the  different  comatose  diseases. 

3.  In  various  instances,  the  Sensations,  which  we  here 
regard  as  the  causes  of  changes  usually  called  sympathe- 
tic, may  be  excited  by  impressions  made  on  different  and 
distant  parts  of  the  body ;  and  the  actions  which  succeed 
them,  in  these  different  cases,  are  the  same  ;  which  proves 
that  these  actions  follow,  not  the  irritation  of  any  particu- 
lar organ,  but  the  excitation  of  a  particular  sensation.  This 
is  illustrated  by  the  very  various  modes,  in  which  the  sensa- 
tion of  nausea,  and  the  complex  effects  succeeding  it,  may 
be  excited ;  by  the  excitation  of  laughter,  by  tickling  very 
distant  parts  of  the  surface ;  by  the  influence  of  a  sudden 
and  intense  sensation  of  cold, — in  whatever  part  of  the  sur- 
face it  may  have  been  excited, — on  the  respiratory  muscles, 
on  the  heart,  and  on  the  capillaries  of  the  skin. 

4.  Conversely,  when  different  impressions,  made  on  the 
same  part  of  the  body,  excite  different  Sensations,  even  al- 
though it  may  be  certain  that  they  are  felt  through  the  me- 
dium of  the  same  nerve,  they  are  not  followed  by  the  same 
action.  Thus  of  many  sensations  felt  through  the  first  nerve, 
very  few  only  are  followed  by  any  diminution  of  the  heart's 
action,  or  by  retching ;  tickling  the  fauces  with  a  feather  ex- 
cites retching,  but  no  such  effect  results  from  firm  pressure 
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agaiast  the  fauces,  nor  from  their  painful  inflammation.  Cer- 
tain sensations  in  the  nostrils  and  face,  felt  through  the  fiftli 
nerve,  are  followed  by  full  inspiration ;  but  no  such  effect  re- 
sults from  cutting,  burning,  or  bruising  these  parts  ;  certain 
sensations  in  the  abdomen,  as  those  excited  by  a  blow  on  the 
epigastrium,  or  inflammation  of  the  ileum,  are  followed  by 
uniform  depression  of  the  heart's  action ;  but  many  other 
sensations  are  strongly  felt  in  the  same  parts,  without  any 
such  eff^ect  resulting. 

5.  It  has  been  already  stated  (p.  226),  that  when  the  mind 
is  much  engi'ossed,  either  by  previous  sensations,  or  by  inte- 
resting trains  of  thought,  any  impressions  on  the  organs  of 
sense  are  transiently  and  imperfectly  felt;  and  in  these 
circumstances  it  is  observed,  that  the  effects  in  distant  parts 
usually  following  such  impressions,  and  ascribed  to  sympa- 
thy, arc  either  suspended  or  imperfectly  produced;  wdiich 
is  farther  proof  that  the  intervention  of  the  Sensation  is  es- 
sential to  their  production.  Thus  the  actions  of  hiccupping, 
coughing,  sneezing,  even  vomiting,  or  laughter  from  tick- 
ling,— when  the  sensations  preceding  them  have  not  been 
very  intense, — ^have  often  been  observed  to  be  arrested  or 
prevented  by  sudden  and  lively  impressions  on  other  sensual 
organs,  or  by  the  excitement  of  intense  mental  interest  on 
other  subjects  ;  and  the  same  is  true  of  the  effects  of  cold  ap- 
plied to  the  surface,  on  the  heart,  or  on  the  capillary  cir- 
culation. 

6.  The  remedies  which  have  been  found  most  effectual  in 
stopping  or  preventing  the  actions  usually  called  sympa- 
thetic, when  in  excess,  are  either  such  as  make  strong  and 
new  impressions  on  the  organs  of  sense,  and  thereby,  on 
the  principle  just  stated,  diminish  the  effect  of  sensations 
already  existing;  or  else,  such  as  blunt  the  sensibility  in 
general,  and  therefore  must  be  expected  to  diminish  all 
efltects  of  Sensation. 

7.  Anotlier  peculiarity  of  such  actions,  denoting  their 
origin  in  affections  of  mind,  is,  that  they  are  remarkably 
obedient  to  the  law  of  Habit,  being  more  easily  excited 
where  they  have  repeatedly  and  recently  taken  place;  as  is 
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seen  particularly  in  coughing,  sneezing,  and  vomiting ; — the 
short  train  of  mental  acts,  consisting  chiefly  of  sensations, 
but  often  including  slight  voluntary  or  instinctive  efforts, 
which  precedes  any  one  of  these  motions,  is  easily  repro- 
duced by  association,  after  a  few  repetitions. 

Thus  it  appears  that  when  any  vital  action,  or  alteration 
of  action,  in  one  part  of  the  body,  is  said  to  be  the  result 
of  Sympathy  with  another  part,  the  fact  is  in  general  more 
correctly  expressed  by  saying,  either  that  the  two  parts  are 
affected  by  some  Sensation  which  acts  on  both  alike,  or  that 
some  Sensation,  which  is  the  natui'al  cause  of  the  action  at 
the  one  part,  is  the  natural  effect  of  an  impression  made  on 
the  other.  And  we  cannot  go  farther  than  this  in  explain- 
ing such  connexions  of  the  living  actions  of  different  parts. 

Many  physiologists  have  indeed  supposed,  that  what  have 
been  called  sympathetic  actions,  may  be  explained  by  pecu- 
liar connexions  among  the  nerves  of  the  sympathizing  parts ; 
and  it  seems  to  be  the  opinion  of  Sir  Charles  Bell,  in  regard 
to  the  movements  of  the  respiratory  muscles  (which  are  so 
generally  and  so  variously  excited  in  this  way)  *, — and  is  also 
stated  moi'e  generally,  although  in  a  more  qualified  manner, 
by  Mr  Mayo  f , — that  the  circumstance  of  nerves  being  con- 
nected, not  in  their  course,  but  at  their  origin,  gives  a  pecu- 
liar tendency  in  the  parts  supplied  by  these  nei'ves  to  sym- 
pathize ;  or  affords  an  explanation  of  the  fact,  that  a  sensa- 
tion, felt  through  one  of  these  nerves,  excites  a  muscular 
movement,  or  some  other  change,  through  the  other. 

But  various  considerations,  several  of  which  were  stated 
on  this  subject  by  Whytt  and  Monro,  seem  equally  con- 
clusive against  the  supposition  of  such  connexions  in  the 
vital  actions  of  different  parts,  depending  on  connexions  of 
nerves,  in  their  course,  or  at  their  roots. 

1.  We  have  already  seen,  and  must  regard  it  as  a  lead- 
ing fact  in  regard  to  actions  of  this  class,  that  it  is7iot  every 
impression  made  on  the  sensitive  organ  concerned  in  any 

•  Exposition  of  the  Nervous  System,  pp.  54,  76,  88. 
t  Outlines  of  Physiology,  2(1  edition,  p.  343. 
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siicli  case,  which  is  followed  by  the  change  in  a  distant  part, 
but  only  those  impressions  which  excite  a  particular  Sensa- 
tion ; — that  other  impressions,  althougli  felt  through  the 
same  nerve,  if  they  excite  different  sensations,  have  no  such 
effect ; — and  again,  that  impressions  on  other  parts,  felt 
through  other  nerves,  if  they  excite  the  same  sensation, 
have  the  effect.  Now,  no  effect,  which  is  thus  variable  and 
occasional,  can  be  ascribed  to  a  cause  which  is  uniform  and 
permanent,  such  as  a  connexiorr  of  nerves,  whether  in  their 
course  or  at  their  roots. 

2.  Although  there  are  various  cases  (enumerated  by  Mr 
Mayo),  where  a  nerve,  certain  of  the  sensations  of  which 
are  followed  by  a  change  in  a  distant  part^  arises  very 
close  to  the  nerve  of  that  other  part,  yet  this  is  by  no 
means  a  general  law.     For  example,  some  of  the  most 
striking  sympathetic  actions  in  the  body  are  those  excited 
in  the  diapliragm,  intercostal  muscles,  and  abdominal  mus- 
cles, by  impressions  on  the  sentient  extremities  of  the  fifth 
and  eighth  nerves,  as  in  the  varied  actions  of  breathing, 
coughing,  sneezing,  vomiting.  But  the  phrenic,  dorsal,  and 
lumbar  nerves,  by  which  these  actions  are  known  to  be  ex- 
cited, are  not  so  closely  connected  at  their  root  with  the 
fifth  and  eighth  nerves,  as  several  other  motor  nerves  are, 
which  are  not  affected,  or  only  very  slightly  affected,  in  these 
movements.     Again,  several  motor  nerves  arise  nearer  to 
the  origin  of  the  olfactory,  than  the  phrenic  and  dorsal 
nerves ;  but  it  is  by  these  last  that  A'omiting,  when  produced 
by  smells,  must  be  excited ;  and  the  third,  fourth,  and 
motor  part  of  the  fifth,  arise  nearer  to  the  origin  of  the  op- 
tic nerve  than, the  seventh  does;  but  a  portion  of  this  last 
nerve,  moving  the  orbicularis  oculi,  is  much  more  surely 
excited  by  bright  light  impressing  the  retina,  than  any  of 
those  other  nerves  are. 

3.  Conversely,  there  are  many  instances  of  nerves  close- 
ly connected  at  their  origin,  the  parts  supplied  by  which 
show  no  tendency  to  sympathize.  No  particular  effect  is 
ever  seen  on  the  motor  part  of  the  fifth  nerve,  supplying 
the  elevators  of  the  lower  jaw,  from  impressions  made  on 
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the  branches  of  the  sensitive  part  of  the  fifth,  which  supply 
the  nostrils,  eyehall,  and  forehead,  though  other  and  more 
distant  nerves  are  very  easily  excited  by  impressions  on 
these  parts.  The  whole  of  the  spinal  nerves  are  associated 
at  their  origin,  by  arising  from  the  same  columns  of  medul- 
lary matter ;  but  when  an  impression  is  made,  and  sensa- 
tion excited,  in  one  of  the  sensitive  cerebral  nerves,  that 
sensation  extends  its  influence  along  the  spinal  cord,  select- 
ing some  of  the  spinal  nerves,  which  it  excites,  simultaneous- 
ly or  alternately,  in  the  movement  to  be  produced,  and  pass- 
ing over  others,  Avhich  have  just  the  same  connexion  with 
the  part  where  the  impression  was  made.  The  lower  cervi- 
cal, and  first  dorsal  nerves,  which  supply  the  axillary  plexus, 
and  the  arm,  are  very  generally  passed  over  in  this  way, 
when  sensations  excited  through  the  sentient  nerves  of  the 
brain  throw  into  action  the  phrenic  nerve  above  them,  and 
the  intercostal  nerves  beneath  them;  but  the  anatomical 
connexion  of  all  these  spinal  nerves  with  the  sentient  cere- 
bral nerves  is  the  same. 

We  conclude,  therefore,  on  the  whole,  that  the  actions  or 
changes  usually  called  Sympathetic,  whether  in  voluntary 
muscles,  involuntary  in uscles,  or  secretions,  are,  in  general, 
effects  of  Sensations ;  and  that  sensations  have  a  much  more 
extended  influence  along  the  spinal  cord  and  nerves,  in  exci- 
ting such  changes,  than  any  single  voluntary  efforts  have; 
but  that  no  anatomical  reason  can  be  given  for  the  fact,  that 
each  of  these  sensations  acts  upon  certain  nerves  only*. 

The  peculiar  effect  of  certain  sensations  on  individual 
muscles,  or  individual  organs,  is  often  very  troublesome, 
or  even  dangerous,  and  tends  to  no  beneficial  eficct,  in 
disease  ;  e.  g.  in  the  case  of  coughing  from  incipient  inflam- 
mation of  the  bronchia),  tenesmus  from  inflammation  of  the 
rectum,  faintness  from  inflammation  of  the  stomach  or  small 
intestines  ;  but  a  final  cause  for  the  peculiar  sympathetic 
effect  of  each  sensation,  in  the  healthy  state,  may  in  general 

•  For  farther  illustration  of  this  subject,  see  a  paper  on  the  Physiologi- 
cal  rrinciple  of  Sympathy,  by  the  Author,  in  Edinburgh  Medico-Chirur- 
gical  Transactions,  vol.  ii. 
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be  easily  traced ;  and  we  should  suffer  much  more  from  the 
want  of  the  connexions,  thus  established  among  the  actions 
of  our  diflferent  organs,  than  we  do  from  their  occasionally 
inconvenient  operation. 

Some  general  observations  remain  to  be  made  on  the  in- 
voluntary agency  of  mind  on  body,  in  the  animal  frame. 

I.  It  is  a  curious  fact,  that  the  changes  thus  produced  in 
one  individual,  are  instinctively  interpreted  by  others.  It  is 
plain,  that  the  effects  of  Sensation  and  of  Emotion,  on  the 
countenance,  on  the  respii-atory  muscles,  on  the  attitudes 
and  gestures,  are  no  sooner  seen  than  they  convey  to  the 
spectator  a  notion  of  the  mental  state  of  the  person  ex- 
periencing them  ;  and  several  reasons  may  he  given  for 
thinking  that  this  interpretation  is  not  the  result  of  ex- 
perience. 

1.  These  signs  of  mental  affections  are  evidently  very 
early  understood  by  young  children  ;  sooner  than  any  fixed 
associations  can  be  supposed  to  have  been  formed,  by  ex- 
perience, of  their  connexion  with  any  particular  modes  of 
conduct. 

2.  These  natural  signs  of  strongly  felt  emotions  or  sensa- 
tions affect  us  both  moi'e  quickly  and  more  powerfully,  than 
the  expression  of  them  by  words,  or  other  artificial  signs 
does  ;  which  would  not  have  been  the  case  if  both  modes  of 
expression  had  owed  their  significance  only  to  experience, 
and  therefore  been  on  the  same  footing. 

3.  To  one  who  attends  to  them  minutely,  the  varying  ex- 
pressions of  countenance,  manner,  and  voice,  in  a  person 
under  the  influence  of  strong  unaffected  feelings,  convey 
more  meaning,  and  denote  nicer  varieties  of  these  feelings, 
than  we  have  words  to  express ;  or  than  experience  can 
have  taught. 

The  rapidity  and  precision  with  which  the  natural  signs 
of  the  passions  are  interpreted,  are  most  strikingly  ilhistrat- 
ed  in  observing  the  effect  of  theatrical  representations,  and 
especially  of  pantomimes  ;  where  it  is  obvious,  that  although 
few  individuals  acquire  the  power  of  correctly  imitating  the 
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effects  of  strong  emotion  or  feeling,  yet  no  man  has  any 
difficulty  in  interpreting  and  appreciating  its  correct  imita- 
tion *. 

The  final  cause,  or  use,  of  many  of  the  effects  of  Sensa- 
tion and  Emotion  on  the  body,  particularly  of  such  as  show 
themselves  externally,  is  to  be  found  in  this  interpretation 
of  them  by  other  men.  The  provisions  of  nature,  in  the 
constitution  of  each  individual  of  the  human  species,  are 
not  confined  to  his  own  immediate  wants ;  they  extend  to 
his  adaptation  for  social  intercourse;  to  the  relief  of  his 
sufferings  by  the  sympathy,  and  the  increase  of  his  enjoy- 
ments by  the  participation,  of  others;  and  to  the  cordial 
union  and  co-operation  of  numbers,  in  prosecuting  objects, 
and  surmounting  difficulties,  for  which  the  exertions  of  in- 
dividuals would  be  inadequate. 

II.  This  becomes  still  more  obvious  when  we  consider, 
that  along  with  the  instinctive,  or  at  least  very  rapid,  inter- 
pretation of  the  natural  signs  of  Sensation  or  Emotion,  there 
is  more  or  less  of  a  natural  or  instinctive  disposition  to  imitate 
these,  in  the  person  who  interprets  and  is  affected  by  them. 

What  has  been  calkd  the  Principle  or  Desire  of  Imita- 
tion is  exemplified  strongly,  and  has  been  considered  by 
some  as  exemplified  only,  in  the  strictly  voluntary  actions ; 
as  in  the  case  of  children,  who  "  copy  the  voices  of  their 
companions,  their  tones,  accents,  and  modes  of  pronuncia- 
tion ;  and  learn,  insensibly,  to  model  their  habits,  on  the 
appearance  and  manners  of  those  with  whom  they  are  habi- 
tually conversant."  But  it  is  even  more  strongly  marked, 
at  least  in  constitutions  very  susceptible  of  changes  of  this 
kind,  in  regard  to. many  phenomena  which  come  under  the 
head  of  Involuntary  Agency  of  mind  on  body ;  as  in  the 
case  of  yawning,  laughing,  weeping,  even  nausea  and  vomit- 
ing, fainting,  involuntary  motions  of  the  face  and  eyes, 
and  involuntary  contractions  of  the  body  and  limbs  in 

•  See  Stewart's  Elements,  vol.  iii. 
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(lifFercut  spasmodic  diseases.  The  spectator,  iu  these  cases, 
first  interprets  these  movements «s  an  expression  of  some 
emotion  or  feeling  in  the  actor,  and  then  assumes  somewhat 
of  the  same  feeling  himself;  and  then  this  assumed  feeling 
produces  somewhat  of  its  natural  effect  on  his  own  system. 
In  some  cases,  the  emotions  arising  from  the  sight  of  the 
expression,  or  even  the  sure  anticipation,  of  suffering  in  an- 
other, produce  likewise  slight  but  distinct  sensations  in  the 
spectator. 

The  degree  in  which  the  mind  of  the  spectator,  in  such 
cases,  participates  in  the  feelings  of  the  actor  or  sufferer, 
depends  on  various  circumstances,  the  influence  of  which 
is  easily  understood,  and  is  of  real  importance  in  the  con- 
duct of  life.    It  depends  on  the  nature  of  the  emotion  or 
feeling  expressed ;  the  gentle  and  more  amiable  emotions 
being  in  general  most  easily  communicated  from  one  per- 
son to  another,  while  the  rougher  and  more  boisterous  pas- 
sions excite  less  sympathy  when  suddenly  presented  ;  but  if 
gradually  infused  into  the  mind  of  the  spectator,  rouse  him 
to  stronger  emotions,  and  often  to  a  more  permanent  and 
cordial  imitation  and  aid  of  the  person  whose  words  or 
actions  excite  them.    It  depends  on  the  circumstances  in 
which  the  expression  of  emotion  or  feeling  is  observed, 
which  arc  sometimes  such  as,  by  suggesting  a  shoi-t  and 
simple  process  of  reasoning,  to  interest  the  mind  of  the 
spectator  strongly,  and  at  other  times  not.    It  depends  on 
the  susceptibility  of  impression  and  of  change  in  the  Ner- 
vous System, — remarkably  different  in  the  two  sexes, — and 
on  the  character  and  state  of  mind  of  the  spectator,  especial- 
ly on  the  degree  in  which  his  mind  is  open  to  new  impres- 
sions, and  unembarrassed  by  previously  prevailing  thoughts, 
as  in  early  youth, — or  accustomed  to  various  impressions, 
and  preoccupied  by  habitual  attention  to  other  objects,  as 
in  more  advanced  life.    And  it  depends  also,  very  remark- 
ably, on  the  number  of  spectators.    For  when  the  emotion 
whicli  agitates  an  individual  is  reflected  from  the  counte- 
nances, and  expressed  by  the  voices,  of  many  around  hiin> 
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its  intensity,  and  the  tendency  it  gives  to  imitation  of  those 
by  whom  it  is  expressed,  are  naturally  multiplied  by  the 
extended  operation  of  this  principle  *.  . 

Hence  the  most  striking  examples  of  the  natural  inter- 
pretation, and  instinctive  imitation,  of  the  effects  of  violent 
emotion  or  passion,  are  always  seen  in  large  assemblies  of 
men;  and  the  excitement  of  coarage,  or  the  diffusion  of 
panic,  among  soldiers,  the  extremes  of  party  violence,  the 
absurdities  of  religious  fanaticism,  the  propagation  of  various 
disorders  of  the  nervous  system  in  schools,  prisons,  or  hos- 
pitals,— are  all  illustrations  of  the  principles  now  stated. 

When  we  compare  the  evils  with  the  benefits  which  we 
derive  from  the  disposition,  existing  more  or  less  in  every 
individual  of  our  specievS,  to  sympathize  with,  and  partici- 
pate in,  the  feelings  of  those  around  him,  we  can  have  no 
doubt  that  the  benefits  infinitely  outweigh  the  evils.  But 
it  is  important  to  be  aware  of,  and  prepared  for  both; 

III.  We  cannot  give  an  opinion  with  confidence  as  to  the 
parts  of  the  Nervous  System  that  are  chiefly  concerned  in^the 
Involuntary  agency  of  Mind  on  the  human  body ;  but  the 
following  general  facts,  in  connexion  with  that  subject,  seem 
to  be  tolerably  well  ascertained,  and  to  demand  attention. 

1.  Several  organs  belonging  to  the  department  of  organic 
life,  which  ai'e  much  influenced  by  mental  emotions  and 
sensations — the  heart,  the  bowels,  the  capillary  arteries, 
the  secreting  organs — are  chiefly  supplied  with  nerves  from 
the  ganglia  and  plexuses  of  the  sympathetic  nerve.  And 
it  is  remarkable  that  the  veins,  in  which  no  influence  of 
these  mental  acts  is  discernible,  have  in  general  no  such 
nerves  -j-. 

2,  Those  voluntary  muscles,  which  are  peculiarly  influcu- 
•  See  Smith's  Theory  of  Moral  Sentiments. 

t  See  Beclaud,  Anat.  Gen.  p.  688.  In  what  follows,  the  term  Ganglio- 
nic nerves  is  applied  only  to  those  which  have  much  connexion  with  the 
ganglia  of  the  sympathetic  nerve.  There  has  been  no  probable  conjecture  as 
to  the  use  of  the  ganglia  on  the  posterior  roots  of  the  symmetrical  spinal 
nerves. 

8  2 
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ced  by  Sensations  and  Emotions  of  mind,  may  be  stated  to 
have  in  general  either  moi'e  ganglionic  nerves,  or  more 
nerves  of  the  irregular  system  of  Mr  Bell  (see  p.  130), 
which  "  connect  the  divisions  of  the  frame," — than  those 
voluntary  muscles  have,  which  are  little  under  the  influence 
of  such  involuntary  mental  acts.  This  appears  on  compar- 
ing generally  the  nerves  supplying  those  muscles  of  the  face 
and  neck  which  are  most  under  this  influence,  and  almost 
all  those  of  the  trunk  of  the  body — with  other  nerves  of 
the  head,  and  with  the  nerves  of  the  extremities. 

3.  Those  muscles,  or  other  organs,  which  have  many  of 
their  nerves  from  the  ganglia  of  the  sympathetic,  and  plex- 
uses connected  with  them,  are  thereby  (in  consequence  of 
the  intimate  union  of  very  numerous  nervous  fibrils  in 
these  ganglia  and  plexuses),  connected  pretty  uniformly 
with  the  whole  extetit  of  the  cerebro-spinal  axis. 

4.  In  several  instances,  individual  nerves  which  supply 
muscles  notoriously  much  imder  the  influence  of  sensations 
and  emotions,  are  strikingly  contrasted  with  those  that 
supply  muscles  simply  voluntary, — in  having  a  moi'e extensive 
connexion  with  other  nerves,  and  thereby  with  an  extended 
surface  of  the  spinal  cord ;  as  is  obvious  on  comparing  the 
ciliary  nerves  coming  from  the  ophthalmic  ganglion,  and 
moving  the  iris,  with  other  nerves  of  the  muscles  of  the 
eyeball ;  the  portio  dura  of  the  seventh  nerve,  moving  the 
muscles  of  the  face,  with  the  smaller  portion  of  the  fifth, 
moving  the  elevators  of  the  jaw ;  and  this  again  with  the 
nerves  supplying  the  muscles  of  the  fauces,  and  the  depres- 
sors of  the  jaw ;  and  the  spinal  accessory  nei've,  (which,  ac- 
•ording  to  experiments  by  Sir  Charles  Bell,  appears  to  be 
the  one  that  moves  the  sterno-mastoid  and  trapezius  muscles 
in  the  respiratory  acts,)  with  other  nerves  supplying  muscles 
in  the  neck. 

5.  In  some  instances  voluntary  muscles,  having  nerves 
which,  through  the  plexuses  and  ganglia,  connect  them  ex- 
tensively with  the  spinal  cord,  have  been  observed  to  move 
under  the  influence  of  sensations,  when,  in  consequence  t)f 
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partial  disease  of  tlie  brain,  they  were  palsied  *to  voluntary 
efforts  *. 

6.  It  has  been  already  observed,  that  from  the  experi- 
ments of  Le  Gaixois,  Wilson  Philip,  and  Flouuens,  it 
appears  that  the  heart  and  the  capillary  vessels,  and  per- 
haps other  parts  concerned  in  organic  life,  are  influenced 
by  physical  impressions  made  on  any  large  portions  of  the 
brain  and  spinal  cord,  but  not  directly  by  injuries,  however 
violent,  confined  to  any  very  small  portions  of  these  organs. 

7.  It  appears  from  facts  already  stated  (see  p.  255  and  261 
€t  seq.),  that  Sensations  and  Emotions  must  operate  more  ex- 
tensively over  the  nervous  system  than  volitions  do,  because 
they  throw  into  action  simultaneously  very  distant  muscles, 
or  affect  simultaneously  distant  secreting  organs ;  and  some 
of  them  affect  simultaneously  the  whole  of  the  voluntary 
musclfes,  and  the  whole  of  the  small  capillaries  on  the  sur- 
face of  the  body. 

The  general  conclusion  to  which  these  facts  appear  mani- 
festly to  point  is,  that  when  sensations  or  emotions  are 
strongly  felt,  the  changes  which  accompany  them  extend 
throughout  the  whole  of  the  cerebro-spinal  axis  ;  and  that 
tJiose  parts  which  are  intended  to  be  peculiarly  influenced 
by  these  mental  affections,  are  connected,  by  ganglionic  or 
irregular  nerves,  with  the  whole  extent  of  the  spinal  cord, 
in  order  that  they  may  be  brought  fully  under  the  influence 
of  these  changes. 

It  has  been  already  said,  that  no  reason  can  be  given  for 
the  fact,  that  each  sensation  or  emotion  acts  especially  on 
certain  organs,  and  therefore  through  certain  nerves ;  but 
if  it  be  true  that  each  of  these  mental  acts  extends  its  in- 
fluence through  the  whole  spinal  cord,  there  is  an  obvious 
reason  why  every  nerve  intended  to  bo  especially  affected 
by  any  one  of  them,  should  gather  roots  from  every  part  of 

•  See  Bell's  Exposition  of  theNervous  System,  p.  212,  and  Case  by  br 
AiJETicnoMBiE,  in  Hell's  Appendix  to  Papers  on  the  Nerves,  p.  120 
Several  examples  of  the  same  kind,  in  different  parts  of  tlic  body,  have' 
occiired  to  myself. 
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the  spinal  cord  ;  for  which  the  arrangement  of  the  ganglionic 
nerves  provides. 

It  is  commonly  said,  that  the  ganglionic  nerves  are  intend- 
ed to  preside  over  the  involuntary  motions,  and  organic 
functions  in  general ;  but  this  language  is  very  vague,  be- 
cause no  distinct  intimation  is  given  of  the  precise  meaning 
annexed  to  the  term  preside.  But  if  we  suppose,  that  the 
object  of  these  nerves  is  to  bring  these  functions,  and  the 
actions- of  certain  voluntary  muscles,  under  the  dominion  of 
involuntary  acts  of  mind,  we  shall  propose  a  definite  theory, 
and  one  which  the  facts  now  stated  appear  strongly  to 
support. 

It  must  be  admitted,  however,  that  this  speculation  is 
attended  with  difficulties,  and  can  only  be  stated  at  present 
as  a  probable  approximation  to  the  truth. 


CHAPTER  XVI. 

OF  SLEEP. 

It  was  formerly  observed,  that  the  necessary  alterna- 
tions of  repose  and  activity  in  the  functions  of  the  Nervous 
System,  to  which  we  give  the  names  of  Sleep  and  Waking, 
bear  so  great  an  analogy  to  the  alternations  of  rest  and  mo- 
tion in  living  muscles,  as  to  favour  the  supposition  of  some 
active  changes,  and  probably  movements,  continually  tak- 
ing place  in  the  nervous  matter,  in  the  state  of  waking, 
which  either  cease  or  undergo  a  change  in  sleep ;  and  we 
cannot  doubt  that  some  physical  change  in  the  nervous 
system  attends  the  transition  from  the  one  of  these  states 
to  the  other.  But  these,  like  all  other  changes  in  the  ner- 
vous system,  corresponding  to  the  healthy  changes  of  the 
Animal  Functions,  are  known  to  us  only  by  their  cffijcts  or 
accompaniments ;  so  that  all  we  can  do,  in  treating  of  this 
subject,  is  to  state  what  has  been  observed  of  the  condi- 
tions which  essentially  chai'acterizc  sleep,  of  the  circum- 
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stances  in  which  it  naturally  occurs,  and  of  those  which  fa- 
vour or  impede  its  occurrence.  The  following  are  the  most 
important  facts  that  have  been  observed  on  this  subject. 

1.  Natural  sleep  is  essentially  characterized  by  the 
change  that  takes  place  in  the  Animal  Functions  during 
it,  and  especially  by  the  Suspension  of  all  Voluntary  Pow- 
er, not  only  of  that  habitually  exerted  over  the  voluntary 
muscles,  but  also  of  that  exercised  over  the  trains  of 
thought  in  the  mind  (see  p.  229).  The  power  of  sensa- 
tion is  not  suspended ;  respiration,  dependent  on  sensation, 
continues;  instinctive  movements  of  the  limbs,  consequent 
on  a  constrained  posture,  take  place;  any  unusual  impres- 
sions on  the  senses  are  felt,  and  even  subsequently  remem- 
bered ;  and  any  strong,  sudden  impressions  are  so  effectual 
as  to  interrupt  sleep.  But  all  sensations  are  blunted; 
respiration  consequently  becomes  slower  and  fuller ;  slight 
impressions  on  the  senses  fail  of  their  wonted  effect ;  no 
effort  of  voluntary  attention  to  any  of  these  impressions  is 
observed ;  and  if  we  attend  as  carefully  as  possible  to  the 
state  of  our  minds  when  sleep  is  approaching,  we  observe 
that  we  are  gradually  losing  the  power  of  fixing  our  atten- 
tion on,  and  detaining  before  our  minds,  any  particular  ob- 
ject of  thought ;  and  that,  in  proportion  as  we  do  so,  the 
images  of  external  things,  which  pass  before  our  minds, 
assume  the  character  of  reality  *. 

2.  The  organic  functions  go  on  during  sleep,  but  are 
differently  affected  in  different  parts  of  the  body.  The 
actions  of  digestion  and  assimilation  are  apparently  promo- 
ted by  it ;  perhaps  chiefly  because  the  exercise  of  the  limbs, 
and  of  the  senses,  which  continually  promote,  during  wak- 
ing, the  circulation  towards  the  surface  of  the  body,  and 
so  retard  these  internal  actions,  is  suspended.  In  hot 
climates,  where  the  effect  of  exertion  to  promote  the 
circulation  on  the  surface  is  greater  than  in  cold,  sleep, 
after  the  principal  meal,  especially  if  of  animal  food,  seems 
essential  to  cjisy  digestion.    On  the  other  hand,  the  action 

•  See  Stewart's  Elements,  chap,  iii.  &  v. 
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of  the  lieart  becomes  somewhat  slower,  and  perhaps  some- 
what weaker,  during  sleep,  probably  merely  from  the 
want  of  the  stimulating  influence  of  sensations  and  volun- 
tary exertions.  The  power  of  the  A'oluntary  muscles,  as 
appears  from  their  condition  after  wakening,  is  somewhat 
enfeebled  by  their  inactivity.  The  perspiration  and  excre- 
tion of  the  lungs,  and  the  evolution  of  animal  heat,  are 
somewhat  diminished.  The  surface  of  the  body  is  more 
easily  chilled;  and  the  body  becomes  more  liable  than 
previously  to  the  influence  of  various  causes  of  disease,  the 
first  effect  of  which  is  to  depress  the  capillary  circulation, 
especially  on  the  surface. 

3.  The  state  of  relaxation,  or  suspension  of  the  animal 
functions,  which  constitutes  sleep,  is,  in  the  healthy  state, 
merely  the  consequence  of  the  activity  of  the  changes 
going  on  in  ,the  nervous  sj'stem  during  waking ;  the  dis- 
position to  it  is  stronger  as  these, .  within  certain  limits, 
have  been  more  numei'ous  and  greater ;  and  it  is  promoted 
by  whatever  withdraws  the  causes  that  habitually  excite 
the  voluntary  activity  of  the  mind  ; — therefore,  by  with- 
drawing all  causes  of  lively  sensation,  by  darkness,  by 
silence  or  gentle  and  uniform  sounds,  by  the  absence  of  all 
pain,  or  of  any  strong  impressions  on  the  senses  of  Touch, 
Taste  or  Smell,  by  an  agreeable  temperature,  and  by  men- 
tal tranquillity. 

4.  The  tendency  to  sleep  is  evidently  promoted,  in  dif- 
ferent cases,  by  causes  which  increase  the  flow  of  blood 
towards  the  head  and  its  impetus  on  the  brain  ;  especially 
if  they  be  not  such  as  to  excite  at  the  same  time  the 
activity  of  the  mind  ;  but  according  to  the  observations  of 
Blumenbach,  the  turgescence  of  the  vessels  of  the  brain, 
when  that  is  exposed  to  view,  appears  to  be  diminished 
during  sleep. 

5.  After  sleep  the  senses  are  more  lively,  the  train  of 
thought  probably  more  rapid,  and  all  voluntary  mental 
exertions  arc  easier  and  pleasanter  than  before ;  but  tlie 
strength  of  the  circulation,  especially  on  the  surface  of  the 
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body,  and  the  full  power  of  the  voluntary  muscles,  appear 
not  to  be  completely  restored  until  food  is  taken. 

6.  In  the  most  profound  sleep,  the  mental  acts  (excepting 
only  slight  sensations,  such  as  those  prompting  inspiration) 
are  either  at  a  stand,  or  leave  no  trace  on  the  memory  ; 
but  the  state  of  the  mind  called  Dreaming,  which  is  re- 
membered more  or  less  distinctly  after  wakening,  is  very 
common  during  perfectly  natural  sleep  ;  and  is  sufficiently 
characterized  by  the  two  circumstances  already  noticed, 
that  the  succession  of  thought,  though  often  modified  by 
any  sensations  that  may  occur,  is  not  regulated  by  the 
will,  and  that  the  images  which  pass  before  the  mind  are 
considered  as  realities. 

If.  From  6  to  8  hours  in  the  24  are  occupied  by  sleep, 
in  most  adult  persons;  but  the  length  of  time  thus  spent, 
requisite  for  refreshing  the  body,  is  not  strictly  proportion- 
ed to  the  amount  of  exertion  made  during  waking ;  and 
may  often  be  gradually  and  beneficially  abridged  by  habit, 
as  well  as  by  any  desire,  strongly  impressed  on  the  mind 
before  sleep  commences. 

The  state  of  imperfect  sleep  called  Somnambulism,  seems 
to  be  characterized  by  a  partial  restoration  of  the  power  of 
the  will  over  the  voluntary  muscles,  and  over  the  mental 
operations,  while  some  part  of  the  mental  delusion  attend- 
ing sleep  continues ;  and  especially,  by  a  suspension  of 
some  of  the  principal  associations,  which  were  wont  to 
regulate  the  succession  of  thoughts  ;  so  that  the  person 
does  not  recall  the  past  thoughts  or  images  which  objects 
presented  to  him  would  naturally  suggest,  and  neither  talks 
nor  acts  as  he  had  been  accustomed  to  do;  although  his 
mind  acts  with  great  energy,  and  sometimes  with  unusual 
power,  on  certain  subjects.  When  he  awakens  from  this 
state,  which  he  does  in  general  as  suddenly  as  from  natu- 
ral sleep,  the  usual  associations  of  thoughts  in  his  mind 
being  restored,  he  retains  little  or  no  recollection  of  what 
had  passed  during  it.    This  state  has  sometimes  lasted 
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long,  or  recurred  repeatedly,  and  in  precisely  the  same 
form.  A  similar  state  of  partial  and  temporary  hallucina- 
tion, with  suspension  of  some  of  the  usual  associating 
principles,  sometimes  occurs  from  disease,  generally  in  the 
course  of  some  of  the  less  violent  diseases  of  the  nervous 
system  ; — is  sometimes  brought  on  by  drinking  strong 
liquors ; — and  has  often  been  produced,  in  certain  constitu- 
tions, by  strong  mental  emotion,  especially  when  heightened 
by  numbers,  as  in  the  ceremonies  of  some  sects  of  religious 
enthusiasts,  or  by  the  practices  of  those  who  profess  Ani- 
mal Magnetism.  Whether  in  this  last  case  any  influence, 
really  emanating  from  the  body  of  one  person,  can  contri- 
bute to  the  effect  upon  another,  independently  of  the  excita- 
tion of  a  strong  mental  emotion,  is  very  doubtful  *. 

There  is  every  reason  to  believe,  that  this  state  of 
somnambulism,  reverie,  or  extase,  depends  on  some  pecu- 
liar physical  change  in  the  condition  of  the  Nervous  Sys- 
tem, just  as  the  natural  state  of  sleep,  and  the  more  usual 
forms  of  delirium  do ;  but  none  of  these  states  can  be  as- 
cribed solely,  to  alterations,  either  of  tlie  circulation  in  the 
brain,  or  of  the  pressure  on  it,  or  of  its  own  textui'e ;  and 
as  all  other  changes  in  the  condition  of  the  Nervous  Sys- 
tem, whether  healthy  or  morbid,  are  known  to  us  only 
by  their  effects,  it  is  in  vain  to  attempt  more  in  regard  to 
this  anomalous  state  of  the  functions  of  the  brain,  than  to 
determine  the  circumstances  in  which  it  occurs,  and  the 
phenomena  by  which  it  is  essentially  characterized. 

"  See  the  works  akeady  mentioned  on  Animal  Magnetism — Dauwin's 
Zoonomia,  Art.  Reverie ;  and  Abeucrombie  on  the  Intellectual  Powers, 
&c.  sect.  3.  chap.  iv. 
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CHAPTER  XVII. 

OF  GENERATION. 

This  function  is  the  most  complex,  and  has  been  called 
the  most  mysterious,  in  the  animal  economy ;  because  the 
formation  in  an  animal,  of  another  being,  similar  to  itself, 
and  capable  of  maintaining  a  separate  existence,  is  an  effect 
of  its  vital  action,  which  nothing  that  we  see  on  examining 
its  structure,  or  any  of  its  other  functions,  would  have 
enabled  us  to  anticipate  that  it  would  produce.  But  in 
every  other  department,  not  only  of  physiology,  but  of 
science  in  general,  when  we  have  ascertained  the  conditions 
under  which  a  phenomenon  takes  place,  we  must  admit  that 
its  appearance,  after  all  these  conditions  are  fulfilled,  is 
equally  inexplicable. 

This  function  is  very  variously  managed  in  the  different 
orders  of  living  beings.  The  only  condition  essential  to  all 
cases  of  generation  that  have  been  fully  investigated,  is  the 
separation  of  a  small  portion  of  the  organized  frame  of  a 
living  being  previously  existing,  which  portion  is  capable 
of  subsequently  maintaining  a  separate  existence. 

But  in  Man,  and  in  all  the  higher  animals,  several  dis- 
tinct subordinate  conditions  are  essential  to  this  purpose, 
the  number  of  which  increases  as  we  ascend  in  the  scale  of 
beings.    These,  are, 

1.  The  formation,  in  a  particular  organ,  of  a  germ,  or 
small  organized  body — to  be  afterwards  developed  into  a 
separate  animal. 

2.  The  fecundation  of  this  germ,  which  seems  to  be  al- 
ways effected  by  the  application  to  it  of  a  seminal  fluid  ; 
and  implies  a  distinction  of  sexes,  whether  on  the  same  or 
on  distinct  individuals. 

3.  Copulation,  which  is  an  essential  condition  only 
where  it  is  required  that  the  fecundation  should  take  place, 
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before  the  germ  is  detached  from  the  body  of  the  female ; 
i.  e.  in  all  the  mammalia  and  birds, — in  most  reptiles, — in 
some  fishes, — and  many  of  the  lower  tribes  of  animals. 

4.  Utero-Gestation,  which  is  essential  only  where  it  is 
necessary,  not  only  that  the  germ  should  be  impregnated 
within  the  body  of  the  female,  but  that  it  should  draw  its 
nourishment,  during  a  part  of  its  development,  from  the 
fluids  of  the  female ;  i.  e.  in  the  mammalia,  the  only  true 
viviparous  animals  *. 

The  organs  destined  for  the  two  first  of  these  purposes, — 
for  the  formation  and  fecundation  of  the  embryo, — although 
existing  from  birth,  are  fitted-for  their  function  later  than 
any  others  (the  usual  age  of  puberty  in  this  climate  being 
at  from  14  to  16  years)  ;  and  they  become  unfit  for  it  again 
in  women  at  from  45  to  50  years  of  age,  in  men  at  a  con- 
siderably later  and  less  definite  age. 

The  circumstances  in  regard  to  the  anatomy  of  the  testes 
in  the  adult,  which  chiefly  demand  attention  here,  are  their 
position  within  the  scrotum,  and  isolation  from  the  sur- 
rounding textures  by  two  serous  membranes,  the  tunica  al- 
buginea  and  vaginalis, — their  connexion  with  the  rest  of 
the  body  by  the  spermatic  cord,  consisting  chiefly  of  vessels 
and  nerves  which  descend  from  high  in  the  abdomen,  and 
by  the  cremaster  muscle  surrounding  the  other  parts  of  the 
cord,  by  which  the  testes  may  be  drawn  upwards,  and  the 
flow  of  their  secretion  along  the  A^asa  deferentia  probably 
promoted  ;  their  vascular  texture,  and  the  very  numerous 
convolutions  of  their  excretory  tubes,  in  the  body  of  the 
testes  and  epididymis ;  and  the  long  and  circuitous  course 
of  the  vasa  deferentia  arising  from  them,  and  passing  up 
the  spermatic  cords,  through  the  abdominal  rings,  and  by 
the  sides  of  the  bladder  and  vcsicuhe  seminales,  till  they 
penetrate  the  prostate  gland,  and  terminate  at  the  origui 
of  the  urethra. 

The  vcsicula  seminalis  appears  to  consist  of  a  single 
canal,  much  convoluted,  and  which  secretes  a  mucous  fluid  : 
*  See  CuViKn,  Lemons,  itc.  t.  v. 
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nnd  it  seems  certain  that  both  this  fluid,  and  that  of  the 
prostate  gland,  must  be  forced  out  chiefly  at  the  time  of 
the  passage  of  the  semen,  and  be  discharged  along  with  it ; 
but  although  it  appears  probable,  that  a  reservoir  may  be 
provided  for  the  seminal  fluid,  similar  to  the  gall-bladder 
for  the  bile,  it  has  not  yet  been  ascertained  whether  the 
\  esicul{B  seminales,  in  those  animals  where  they  exist,  an- 
swer this  purpose. 

When  the  testes  enlarge  at  puberty,  and  their  secretion 
is  fully  formed,  the  sexual  appetite  is  first  felt;  and  at  all 
subsequent  times,  the  presence  of  a  quantity  of  that  secre- 
tion in  the  long  and  convoluted  course  of  the  seminal  ducts, 
and  perhaps  in  the  A^esiculfe,  is  one  condition  essential  to 
its  being  felt,  and  that,  on  the  amount  of  which  the  degree 
of  its  intensity  is  mainly  dependent. 

At  the  same  time,  the  other  changes  characteristic  of  pu- 
berty take  place, — the  growth  of  hair  on  the  organs  of  ge- 
neration, in  the  axillae,  and  on  the  lower  part  of  the  face, 
the  enlargement  of  the  larynx,  and  alteration  of  the  voice, 
an  increased  development  of  the  chest  and  shoulders,  as 
compared  with  the  pelvis,  an  increased  energy  of  mental 
disposition,  and  manifestation  of  the  peculiarities  of  the 
male  character, — probably  connected  with  an  increased  de- 
velopment of  some  portion  of  the  nervous  system  within  the 
cranium. 

These  changes  are  not  merely  simultaneous  with  the  se- 
cretion of  semen,  but  dependent  upon  it;  for  they  are  all 
prevented  from  taking  place  by  castration  ;  but  whether 
the  sensations  and  emotions,  consequent  on  the  establish- 
ment of  the  secretion,  or  whether  the  secreted  fluid  itself, 
absorbed  into  the  blood,  may  be  regarded  as  the  stimulus 
to  nutrition  in  these  diff^erent  parts,  is  uncertain  *. 

Although  the  presence  of  the  secretion  of  the  testes  is  es 

•  The  case  of  the  young  man  born  blind  and  deaf,  recorded  by  Jlr 
Stewart  (Transactions  of  Royal  Society  of  Edinburgh,  vol.  vii.),  appears 
to  favour  this  last  supposition,  for  all  the  usual  iparks  of  puberty  had  taken 
place  in  him,  when  he  had  never  shown  any  marks  of  sexual  desire. 
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scntial  to  the  existence  of  tlie  sexual  appetite,  yet  that  men- 
tal feeling  is  not  immediately  excited  by  any  changes  in  the 
testes,  or  seminiferous  ducts,  and  the  sensations  by  which 
it  is  accompanied  and  characterized,  are  referred  to,  and 
arc  connected  with  physical  changes  in,  the  corpora  caver- 
nosa and  glans  penis.  They  are  on  a  footing  with  the  sen- 
sations of  emotion,  formerly  mentioned  ; — as  the  change  in 
the  circulation  of  these  parts  is  on  a  footing  with  the  other 
changes  in  the  circulation,  which  we  formerly  referred  to 
mental  emotion.  But  when  this  feeling  has  been  excited, 
it  has  likewise  a  manifest  action  on  the  testes  themselves, 
and  greatly  promotes  the  secretion  there. 

The  mental  feeling,  or  Emotion  of  Desire,  which  has 
these  effects,  is  probably  connected  with  some  portion  of 
the  cerebellum  ;  because  it  has  been  often  observed  to  exist 
in  an  unnatural  degree,  in  cases  of  disease  or  injury  of  that 
part;  but  we  have  already  seen  evidence  that  the  cerebel- 
lum is  also  concerned  in  very  different  functions ;  and  it  is 
very  improbable,  that  the  whole  of  that  organ  should  be 
devoted  to  the  excitation  of  this  single  feeling.  It  would 
appear,  that  the  change  in  the  state  of  the  Nervous  System, 
within  the  head,  which  attends  this  feeling,  is  imitated  by 
the  compression  of  the  brain,  which  results  from  stagna- 
tion of  the  blood  in  the  jugular  veins,  because  erection,  and 
even  emission,  very  frequently  accompany  death  by  stran- 
gulation. 

The  duration  and  intensity  of  this  mental  feeling  are  re- 
markably influenced  by  the  mental  law  formerly  noticed, 
according  to  which  no  two  mental  acts  of  importance  can 
coexist ;  and  it  is  accordingly  often  rendered  ineffectual  for 
its  purpose  by  the  concurrence  of  other  feelings  ;  for  ex- 
ample, of  hypochondriacal  apprehensions. 

The  manner  in  which  the  distention  of  the  corpora  caver- 
nosa, corpus  spongiosum  urethras,  and  glans  penis,  is  effect- 
ed, under  the  influence  of  this  feeling,  is  still  somewhat 
doubtful.  The  blood  is  evidently  received  into  large  cells 
in  this  texture,  but  anatomists  are  not  agreed  as  to  whether 
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these  cells  arc  truly  exterior  to  the  circulation,  or  merely 
dilatations  of  the  small  vessels.  Neither  are  they  agreed 
as  to  how  the  stagnation  of  blood  in  the  penis  is  effected ; 
but  it  has  been  found,  that  in  large  animals,  such  as  the 
elephant,  the  nerves  of  the  penis  (which  are  always  large, 
and  originate  from  several  of  the  sacral  nerves,  and  from 
the  sympathetics)  form  plexuses  in  an  unusual  way  about 
the  large  veins  on  its  dorsum;  and  Magendie  found  that 
ligatures  of  some  of  these  veins  produced  a  partial  disten- 
tion of  the  corpora  cavernosa;  these  facts  render  it  pro- 
bable that  a  vital  constriction  of  these  veins,  determined  by 
an  action  of  the  nerves,  is  its  main  cause ;  and  Dr  Houston 
has  lately  demonstrated  small  muscles  and  tendons,  situa- 
ted behind  the  arch  of  the  pelvis,  distinct  in  some  of  the  lower 
animals,  and  visible,  although  more  rudimentary  in  man, 
by  wliich  the  great  vein  leading  from  the  penis  is  encom- 
passed, and  may  easily  be  compressed  *. 

The  effects  of  this  distention  of  these  parts  are, — that  the 
canal  of  the  urethra  is  straitened  aud  narrowed ;  that  the 
general  direction  of  the  urethra  forms  a  less  angle  than  be- 
fore with  the  extreme  part  of  the  vasa  defcrentia,  by  which 
the  semen  enters  it,  and  a  greater  angle  than  before  with 
the  direction  of  the  orifice  of  the  bladder,  by  which  the 
urine  enters  it;  and  that  the  form  of  the  whole  organ,  and 
the  sensibility  of  the  glans  in  particular,  are  adapted  to  their 
office  in  the  genei'ative  function. 

The  mental  feeling  which  prompts  the  whole  of  these 
changes,  heightened  by  the  sensation  of  these  parts  in  their 
distended  state,  ultimately  excites  both  tlie  flow  of  the  so- 
men along  the  vasa  dcfereutia,  and  likewise  the  spasmodic 
action  of  the  levatores  ani  and  acceleratores  urinae,  by 
which  the  emission  is  effected,  and  which  has  been  vaguely 
ascribed  to  a  sympathy  between  these  muscles  and  the  ure- 
thra. 

It  is  well  ascertained  by  the  microscopical  observations 
of  Leuwenhoek,  Haller,  Spallanzani,  Prevost  and 
•  See  Dublin  Hospital  Reports,  vol.  iv. 
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Dumas,  Magendie,  and  many  others,  that  a  number  of 
vermiform  animalculse,  capable  of  apparently  spontaneous 
motion,  are  contained  in  the  seminal  fluid  of  all  animals, 
when  these  are  in  a  state  fit  for  procreation. 

Although  the  whole  of  the  female  organs  of  generation, 
— the  uterus,  and  its  broad  and  round  ligaments,  the  Fal- 
lopian tubes,  vagina,  and  external  parts,  as  well  as  the  ova- 
ria,  are  formed  from  the  time  of  birth,  they  are  more  fully 
developed  at  the  age  of  puberty,  not  only  simultaneously 
with,  but  in  consequence  of,  the  development  of  the  ovaria 
at  that  time ;  and  the  other  changes  which  then  take  place, 
and  especially  the  enlargement  of  the  pelvis,  growth  of  the 
raammee,  establishment  of  the  menstrual  discharge,  and 
manifestations  of  the  female  character,  are  also  believed  to 
be  dependent  on  the  change  in  the  ovaria;  none  of  these 
having  taken  place  in  some  cases  where  these  organs  were 
found  to  be  only  rudimentaiy.  Whether  these  changes 
may  be  dependent  on  the  absorption  of  something  from  the 
ovaries,  or  whether  the  sensations  and  mental  feelings  con- 
nected with  the  active  state  of  the  ovaries  are  concerned  in 
prpducing  them,  is  unknown. 

The  menstrual  discharge  takes  place  from  the  inner  sur- 
face of  the  uterus,  in  the  healthy  state  every  four  weeks, 
lasts  about  three  days,  amounts  to  six  or  eight  ounces,  and 
consists,  so  far  as  has  been  yet  ascertained,  of  blood  in  a 
great  measure  deprived  of  its  fibrin.  It  is  generally  pre- 
ceded and  attended,  especially  about  the  time  of  its  first 
establishment,  by  some  degree  of  pain  of  the  back  and 
abdomen,  often  of  the  head,  and  frequently  by^  dyspeptic, 
nervous,  or  febrile  symptoms;  which  abate  as  it  goes  on, 
and  gradually  subsides ;  but  are  aggravated  if  it  is  suddenly 
checked. 

As  the  continuance  of  this  periodical  discharge  coincides 
very  generally  with  the  time  during  which  Avomen  are 
adapted  for  childbearing,  it  seems  evidently  to  be  a  conse- 
quence of  the  active  state  of  the  organs  of  generation.  As 
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it  very  generally  ceases  during  pregnancy  and  nursing,  it 
has  been  often  thought  to  be  a  succedaneum  for  the  dis- 
charges from  the  system,  which  take  place  during  these 
states ;  and  as  it  has  not  been  ascertained  to  consist  of  any 
thing  beyond  the  usual  constituents  of  the  blood,  and  is 
manifestly  increased,  as  morbid  haemorrhages  are,  by  causes 
of  general  and  local  plethora,  and  diminished  by  means 
which  obviate  these,  it  has  been  supposed  that  it  is  to  be 
regarded  merely  as  a  natural  haemorrhage. 

But  on  the  other  hand,  as  the  effects  resulting  from  the 
suppression,  especially  the  sudden  suppression,  of  this  dis- 
charge, are  generally  more  serious  than  those  which  follow 
tlie  stopping  of  any  simple  haemorrhage,  or  other  evacua- 
tion, of  the  same  amount ;  and  as  such  suppression  has  of- 
ten been  followed  by  haemorrhages  from  parts  very  little 
disposed,  in  general,  to  such  a  form  of  disease, — or  by  va- 
rious inflammatory  or  nervous  disorders, — there  is  some 
reason  for  suspecting  that  this  evacuation  is  intended,  not 
merely  to  keep  down  the  quantity  of  blood  in  the  system, 
but  to  secure  the  evacuation  of  something  formed  in  the 
system  during  the  active  state  of  the  genital  organs,  and 
which  would  be  hurtful  if  retained. 

Tlie  visible  change  upon  the  ovaria,  which  takes  place  at 
puberty,  consists  partly  in  the  formation  or  development, 
in  them,  of  the  small  bodies  called  Graafian  Vesicles,  which 
contain  a  serous  fluid,  and  are  dispersed  through  their  sub- 
stance. 

The  changes  which  take  place  in  these  organs,  at  the 
tune  of  sexual  intercourse,  and  particularly  the  great  con- 
gestion of  blood  in  them  all,  must  no  doubt  be  ascribed  to 
the  influence  of  sensations  and  mental  feelings ;  but  the 
precise  extent  of  the  effect  of  these  is  uncertain. 

Observations  on  animals,  and  in  some  instances  on  the 
human  body,  distinctly  prove,  that  at  the  time  of  sucli 
sexual  intercourse  as  is  followed  by  conception,  the  fimbria- 
ted extremities  of  the  Fallopian  tube  embrace  the  ovari- 
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um,  so  as  to  make  a  single,  though  very  winding  and  irre- 
gular passage  from  it  to  the  external  parts  ;  and  that  there- 
after one  of  the  Graafian  vesicles,  extending  itself  to  the 
surface  of  the  ovary,  bursts  and  discharges  a  smaller  ve- 
sicle or  ovum,  which  descends  along  the  Fallopian  tube, 
into  the  uterus;  and  part  of  which  is  there  developed  to 
form  the  embryo.  The  smaller  vesicle  seems  to  have  been 
detected  by  Baer,  even  in  the  ovarium  ;  and  to  consist  of 
an  outer  and  inner  portion,  containing  a  liquid,  and  the 
embryo  ultimately  forms  on  a  part  of  the  sac  of  the  inner 
portion  *.  But  there  is  mox'e  doubt  and  difference  of  opi- 
nion as  to  the  following  points  : 

1.  Physiologists  are  not  yet  fully  agreed  whether  the 
rupture  of  a  vesicle  in  the  ovary,  and  escape  of  an  ovum, 
can  take  place  in  the  human  body,  or  in  others  of  the 
mammalia,  without  impregnation.  The  numerous  obser- 
vations of  Haller,  and  of  Prevost  and  Dumas,  would 
seem  to  show  that  this  can  seldom  happen  in  the  lower  ani- 
mals of  this  class  ;  but  on  the  other  hand,  the  observations 
of  Valisneri,  Santorini,  and  Bertrandi  in  Italy  f,  and 
of  Sir  E.  Home  and  Dr  Blundell^j  in  this  country,  seem 
sufficient  to  prove,  that  in  the  human  body,  and  pi-obably 
in  some  of  the  lower  animals  also,  vesicles  are  occasionally 
detached  from  the  ovaries,  and  their  marks  subsequently 
found,  where  there  had  been  no  sexual  intercourse. 

Wlien  a  vesicle  has  been  ruptured,  and  ovum  detached 
from  the  ovary,  it  leaves  at  first  a  ragged  cavity,  contain- 
ing a  little  blood  ;  but  this  gradually  assumes  the  appear- 
ance of  a  yellowish  substance,  called  a  corpus  luteum, 
with  a  corresponding  cicatrix  on  the  surface  of  the  ovary, 
which  afterwards  becomes  gradually  less  distinct.  But 

•  Baeh,  in  Bresciiet  's  Repertoire  d'Anat.  et  de  Physiol.  1829  ;  and 
Ai.LEN  Thomson,  in  Edin.  Phil.  Journ.  Oct.  1030. 

+  See  Bltjmekbach,  in  Comment.  See.  Reg.  Scient.  Getting.  voL  ix.  • 

X  Phil  Tran.-).  1817,  and  Physiological  Researches. 
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according  to  the  observations  of  Sir  E.  Home,  of  Magen- 
DiE  *,  and  of  Baer  f,  a  yellowish  substance  appears  to  be 
formed  around  one  of  the  Graafian  vesicles,  before  it 
bursts,  and  continues,  after  the  escape  of  its  contents,  gra- 
dually encroaching  on,  and  ultimately  obliterating,  the  ca- 
vity left. 

It  would  appear,  therefore,  that  the  total  absence  of  any 
corpus  luteum  may  be  regarded  as  a  proof  that  no  recent 
conception  had  taken  place ;  but  that  the  presence  of  a  dis- 
tinct yellow  hody  in  the  ovarium,  may  depend  on  one  of 
two  causes,  perhaps  independently  of  conception,  certainly 
independently  of  the  growth  of  an  embryo  in  the  uterus ; 
viz.  either  on  the  escape  of  an  ovum,  without  sexual  inter- 
course, or  on  the  development  of  a  vesicle  containing  an 
ovum  which  has  not  yet  escaped. 

2.  It  is  not  fully  ascertained  how  far,  in  the  winding  ca- 
nal, closed  by  the  adhesion  of  the  fimbriee  to  the  ovary,  it 
is  essential  that  the  male  semen  should  penetrate,  and  whe- 
ther its  contact  with  the  ovum,  or  vesicle  detached  from 
the  ovarium,  is  necessary  in  order  that  it  may  impregnate 
the  ovum. 

Tliat  its  contact  with  the  ovary  itself  is  not  necessary  to 
the  discharge  of  the  ovum,  appears  not  merely  from  the 
facts  already  stated,  but  also  from  many  experiments  by  Dr 
Haighton  and  Dr  Blundell,  made  on  rabbits,  in  which 
animals  there  are  two  uteri  corresponding  to  the  two  ova- 
ries. In  these  experiments,  different  portions  of  the  ca- 
nals leading  from  the  external  parts  to  the  two  ovariSs, 
were  obliterated  by  adhesive  inflammation,  and  sexual  in- 
tercourse afterwards  permitted,  and  the  escape  of  vesicles 
from  the  ovaries  was  clearly  ascertained  to  have  followed 
that  intercourse  J. 

"  Precis  Elementaire. 

+  Rhesciiet's  Repertoire  d'Anat.  et  Physiol.  102!». 
t  See  Dluxdell's  Physiolf>gical  Kesearclies. 
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On  tlie  other  hand,  that  tlie  seminal  fluid  must  necessa- 
rily reach  the  ovum  in  the  uterus,  in  order  to  vivify  it, 
seems  to  be  rendered  highly  probable,  first,  By  the  fartlier 
result  of  the  experiments  of  Drs  Haighton  and  Blun- 
DELL,  in  all  of  which  it  appeared,  that  although  ova  were 
detached  from  ovaries,  the  communication  of  which  with 
the  external  parts  had  been  interrupted,  yet  such  ova  ne- 
ver werej^developed  into  embryos;  while  those  from  the 
opposite  ovaria,  received  into  the  opposite  uteri  of  the  same 
animals,  were  so  developed;  secondly,  Fx-om  the  observa- 
tions of  Galen,  Ruysch,  Cheselden,  Haller,  Hunter, 
and  many  others,  who  found  the  male  semen  in  the  uteri 
of  different  animals  killed  soon  after  copulation ;  and  espe- 
cially from  the  microscopical  examinations  of  Prevost  and 
Dumas  *,  who  satisfied  themselves  of  its  always  existing,  in 
these  circumstances,  about  the  horns  of  the  uterus,  but 
could  never  detect  it  in  the  Fallopian  tube :  and  lastly. 
From  the  analogy  of  many  animals  of  the  classes  of  Reptiles 
and  Fishes,  in  which  it  is  certain  that  the  actual  deposition 
of  the  male  semen  on  the  ova,  at  the  time  of,  or  after  their 
discharge  from  the  body  of  the  female,  is  the  essential  con- 
dition of  their  development. 

If  this  be  so,  the  rare  cases  of  extra-uterine  conception, 
where  the  ovum  is  developed  either  in  the  Fallopian  tube, 
or  beyond  its  extremity,  must  be  cases  where  a  portion  ot 
the  seminal  fluid  has  penetrated  farther  than  usual  along 
the  canal  leading  to  the  ovary  f .  And  that  this  may  happen, 
we  can  understand  from  the  observation  of  Dr  Blundell 
and  others,  that  at  the  time  of  intercourse,  the  whole  of 
tliat  canal  is  in  a  state  of  spontaneous  movement. 

"  Annales  des  Sciences  Naturelles,  t.  i,  ii,  iii.  &  xvi. 

+  Cases  of  extra- uterine  conception  were  published  by  Mr  Lanostaff 
and  Di-  Elliotson  (Medico-Chirurgical  Trans,  vol.  vii.  and  xiii.),  i" 
which  the  Fallopian  tube  was  obstructed  ;  but  tlie  facts  now  stated  ren- 
der it  most  probable  that  the  obstruction  had  been  subsequent  to  concep- 
tion. 
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This  last  fact  likewise  enables  us  to  understand,  consis- 
tently with  this  doctrine,  how  impi-egnation  should  have 
taken  place  in  several  cases  on  record  *,  where  the  va- 
gina was  preternaturally  narrow,  or  the  hymen  nearly 
entire. 

On  the  other  hand,  in  the  case  of  birds,  a  single  inter- 
course is  known  to  be  sufficient  to  impregnate  many  eggs, 
which  are  laid  successively  after  it ;  and  it  is  difficult  to 
understand  how  the  semen  should  have  been  conveyed  to 
the  ovary  for  that  purpose.  And  we  have  accounts  of  ex- 
periments, in  which  artificial  impregnation  of  female  ani- 
mals, by  semen  taken  from  male  animals,  is  said  to  liave 
been  effected  (by  what  has  been  called  the  Seminal  Aura), 
where  tlie  male  fluid  did  not  come  into  actual  contact  with 
the  uterus  of  the  female  f. 

3.  The  lime  when  the  ovum  leaves  the  ovarium,  and  de- 
scends along  the  Fallopian  tube,  is  not  certainly  known, 
and  probably  not  uniform ;  but  the  observations  of  Pre- 
vosT  and  Dumas,  Magendie,  and  others,  show  that,  in  va- 
rious animals,  it  is  not  for  some  days,  and  that  in  the  hu- 
man species  it  may  probably  be  eight  or  ten  days,  after  the 
sexual  intercourse  with  which  it  is  connected. 

Thus  it  appears,  that  the  changes  in  all  viviparous  ani- 
mals, at  the  time  of  the  intercourse  which  is  to  be  fruitful, 
are  confined  to  the  deposition  of  the  seminal  fluid  in  the 
uterus,  and  the  adhesion  of  the  fimbriae  to  the  ovary;  and 
that  the  growth,  detachment,  and  passage  of  the  ovum  or 
vesicle  into  the  uterus,  takes  place  within  some  days  after ; 
during  which  time,  Puevost  and  Dumas  found  the  seminal 
animalcules  to  be  distinctly  visible  in  the  uterus ;  and  it  is 
a  probable  conjecture,  that  the  implantation  of  one  or  more 

"  Ex.  gr.  in  Memoires  de  I'Acad.  des  Sciences,  1712  ;  Edin.  Med.  and 
Surg.  Joum.  vol.  i. ;  Medico-Chirurg.  Trans,  vol.  ii. ;  Fodehe',  Mede- 
cine  Legale,  §  252  and  986. 

t  Edin.  Med.  and  Surg.  Journal,  vol.  xix.  p.  48.5. 
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of  the  anitnalcula  on  the  ovum  may  be  the  necessary  con- 
dition to  its  development. 

Aftei'  sucli  au  intercourse,  the  inner  membrane  of  the 
uterus  is  found  to  be  lined  all  over  with  an  effusion  of  floc- 
culent  lymph,  part  of  which  stretches  across  the  cervix 
uteri,  and  closes  its  mouth,  and  the  formation  of  which  is 
not  dependent  on  the  passage  of  the  ovum,  nor  even  on  the 
admission  of  semen  into  the  uterus ;  for  it  has  been  found, 
both  in  cases  where  the  conception  was  extra-uterine,  and 
in  experiments  where  the  vagina  was  obstructed  *. 

In  this  flocculent  lymph,  the  ovum,  when  first  seen,  is 
loose  and  detached ;  it  is  much  smaller  than  the  vesicle 
which  disappeared  from  the  ovary-f-;  and,  according  to  al- 
most all  observers,  it  appears  as  a  sac  containing  a  limpid 
fluid,  on  one  side  of  which  the  embryo  becomes  visible,  not 
sooner,  according  to  Magendie,  than  three  weeks  after  con- 
ception. 

The  sac  containing  the  embryo,  when  the  parts  become 
more  distinct,  appears  to  consist  of  two  membranes,  the 
outer  of  which,  called  the  Chorion,  is  of  loose  texture,  and 
its  exterior  flocculent  surface  has  the  name  of  Spongy  or 
Shaggy  Chorion ;  while  the  inner,  called  the  Amnion,  is 
smooth  and  uniform.  The  lymph  lining  the  uterus,  and 
continuous  with  the  shaggy  chorion,  also  appears  separable 
into  two  parts,  the  outer  of  which  is  called  Decidua  Vera, 
and  the  inner,  supposed  to  be  turned  back  by  the  entrance 
of  the  OA'^um,  is  called  Decidua  Reflexa.  In  the  course  of 
the  second  month,  the  shoots  of  the  shaggy  chorion,  on  one 
part  of  the  ovum,  implant  themselves  firmly  in  the  corre- 
sponding portion  of  the  decidua,  generally  towards  the  fun- 
dus of  the  uterus,  and  form  tlie  Placenta,  and  the  rest  of 
the  flocculi  of  the  chorion  then  disappear.    The  embryo 

•  Blundell,  loc.  cit. 

f  Prevost  .and  Dumas,  Ioc.  cit.;  and  Chuickshanks,  Phil.  Trans. 
1797  ;  Baer,  loc.  cit. 


OF  GENEEATION. 


slowly  detaches  itself  from  the  side  of  the  ovum,  and  floats 
iu  the  liquor  amnii,  the  proportion  of  which  to  the  whole 
ovum  is  afterwards  gradually  diminished  ;  and  the  only  at- 
tachment of  the  emhryo  to  the  memhranes  is  then  found  to 
be  the  umbilical  cord,  by  which  it  is  connected  with  the 
placenta. 

But  for  a  time,  before  these  changes  are  completed,  there 
is  a  small  sac  containing  a  whitish  fluid,  called  Vesicula 
Alba,  between  the  amnion  and  chorion,  which,  according 
to  the  observations  of  Baer  and  of  Allen  Thomson, 
would  seem  to  be  the  inner  portion  of  the  ovum,  above 
noticed. 

The  Placenta,  formed  at  first  of  adventitious  membranes 
thrown  out  on  the  inner  surface  of  the  uterus,  and  in  which 
no  bloodvessels  are  discernible,  is  found,  when  fully  de- 
veloped, to  be  a  spongy  mass  composed  chiefly  of  vessels, 
infinitely  subdivided  and  convoluted.  It  has  been  gene- 
rally stated  that  a  part  of  this  vascular  structure  is  con- 
tinuous with,  and  may  be  injected  from,  the  arteries  of  the 
uterus,  and  this  has  been  called  the  Maternal  Portion ;  but 
that  another  portion,  towards  the  inner  surface  of  the  pla- 
centa, can  be  injected  only  from  the  vessels  of  the  umbili- 
cal cord  of  the  foetus,  and  this  has  been  called  the  Foetal 
Portion.  But  according  to  the  recent  observations  of  Dr 
Lee  *  it  would  appear,  that  the  whole  vessels  of  the  Pla- 
centa may  be  injected  from  the  Foetus,  and  that  whatever 
passes  into  them  from  the  uterine  vessels,  must  transude 
through  the  very  thin  merabrana  decidua,  from  the  uterine 
sinuses,  or  large  veins,  many  of  which  appear  to  terminate 
in  open  mouths  on  the  inner  surface  of  the  uterus,  at  the 
part  where  the  placenta  is  attached. 

The  existence  of  cells  in  the  placenta,  into  which  blood 
is  effused  from  the  uterine  vessels,  is  certainly  not  clearly 
demonstrated.    It  is  probably,  therefore,  by  transudation 


Phil.  Trans.  1 032. 
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only,  that  tlie  contents  of  the  uterine  vessels  pass  into  the 
minute  branches  of  the  umbilical  vessels;  and  it  seems  cer- 
tain that  no  entire  globules  of  blood  are  transmitted  from 
the  one  set  of  vessels  to  the  othei-,  because  the  globules  of 
the  foetal  blood  appear,  from  the  observations  of  Prevost 
and  Dumas,  to  be  differently  shaped  from,  and  larger  than, 
those  of  the  adult. 

In  experiments  by  Magendie  and  by  Dr  Williams  *, 
it  appeared  that  camphor,  and  that  oil,  injected  into  the 
blood  of  pregnant  animals,  were  soon  detected  in  the  blood 
of  the  foetus ;  but  poison  injected  into  the  umbilical  arte- 
ries, although  mixing  with  the  blood  on  its  way  from  the 
foetus  to  the  placenta,  did  not  affect  the  mother.  Neither 
does  fatal  haemorrhage  in  the  mother  apparently  diminish 
the  fulness  of  the  vessels  of  the  foetus  : — so  that  it  would 
seem  that  the  transmission  of  fluids  in  the  placenta  is  al- 
most entirely  from  the  mother  to  the  foetus. 

The  placenta  must  answer,  in  some  measure,  the  pur- 
pose of  arterializing,  as  well  as  supplying,  the  blood  of  the 
foetus ;  but  the  difference  between  the  blood  in  the  umbili- 
cal arteries,  coining  from  the  foetus,  and  that  in  the  umbili- 
cal vein  passing  into  it,  is  never  nearly  so  great  as  that  be- 
tween venous  and  arterial  blood  in  the  adult;  and  to  this 
it  is  partly  owing,  that  all  the  functions  of  the  Nervous 
System  are  nearly  at  a  stand  in  the  foetus,  but  are  excited 
into  action  immediately  after  birth. 

The  gradual  formation  of  the  different  organs  during  the 
life  of  the  foetus,  has  been  lately  much  studied  both  in  the 
lower  animals  and  in  the  human  body,  and  the  growth  of 
various  parts  minutely  described.  Some  general  observa- 
tions only  on  this  subject  can  be  made  here  f. 

1.  It  is  certain  that  the  different  parts  of  the  foetus  do 
not  result  merely  from  evolution  of  organs  already  existing 

"  Edinburgh  Medical  and  Surgical  Journal,  vol.  xxv. 

t  See  Paoet.    Edinburgh  Medical  and  Surgical  Journal,  Oct.  1831. 
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in  the  ovum  ;  but  from  movement  of  the  fluids,  and  agglo- 
meration of  their  particles  at  particular  points,  to  form 
different  solid  textures;  under  the  influence,  no  doubt, 
of  the  same  vital  properties  to  which  we  give  the  name  of 
Vital  Affinities,  on  which  the  nourishment  of  these  textures 
at  all  subsequent  times  depends.    Many  well  known  parts 
of  the  different  organs,  such  as  the  heart  and  brain,  are  dis- 
tinctly seen  to  be  added  after  other  parts  have  attained  a 
considerable  size.    It  would  appear  that  the  ovum,  when  it 
first  descends  into  the  uterus,  has  two  coverings,  the  outer 
of  which  becomes  the  chorion,  and  the  inner  becomes  what 
has  been  called  the  Umbilical  Vesicle.    This  last  membrane 
is  first  thickened  at  One  part,  then  separates  into  distinct 
layei's ;  these  are  thrown  into  folds,  which  gradually  in- 
close the  remains  of  the  vesicle,  from  which  they  are  at 
first  nourished,  and  then  retain  a  vascular  connexion  with 
the  chorion  or  outer  membrane  of  the  ovum,  and  with  the 
uterus,  by  the  umbilical  vessels  only;  and  these  folded 
layers  of  membrane  gradually  undergo  conversion  into  the 
amnion  covering,  and  the  different  textures  composing  the 
animal  body  *. 

2.  The  commencement  of  the  formation  of  organs  in  this 
way  is  anterior  to  the  first  formation  of  the  heart,  and  to 
the  development  of  vessels  on  the  umbilical  vesicle ;  and 
the  part  of  which  the  rudiments  are  first  seen  is  the  verte- 
bral column. 

3.  The  growth  of  the  embryo  is  slow  in  the  earlier  months. 
The  form  of  the  trunk  is  always  considerably  curved,  but 
the  extremities,  when  first  seen,  stand  out  from  the  body, 
and  are  afterwards  folded  in.  The  distinction  of  textures 
is  very  gradually  effected,  so  that  the  bone  is  not  distinctly 
formed  before  the  end  of  the  second  month, — muscles  and 
fat  not  until  the  end  of  the  third ;  and  several  organs  can- 

•  See  the  papers  of  Baeu,  of  Allen  Thomson,  and  of  Phevost  and 
Dumas. 
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not  be  perceived  sooner  than  the  fourtli,  at  which  time  the 
weight  of  the  embryo  is  hardly  above  two  ounces;  after 
this  time  it  is  called  the  Foetus.  The  head  of  the  fojtus,  in 
a  great  majority  of  cases,  lies  ultimately  in  the  lower  part 
of  the  uterus.  The  distinction  of  the  grey  and  white  mat- 
ter of  the  brain  is  never  distinct  in  the  foetus ;  but  the  parts 
of  the  nervous  System  which  are  first  formed  are  those  that 
consist  ultimately  of  white  matter  *. 

4.  After  the  heart  is  distinctly  formed,  and  the  vessels 
contain  red  blood,  and  when  the  nourishment  mustbo 
chiefly  dra\vn  from  the  placenta,  it  appears  beyond  doubt 
that  the  heart,  for  a  time,  consists  of  one  auricle  and  one 
ventricle  only,  from  which  one  artery  arises,  and  that  the 
septum  is  afterwards  gradually  formed,  the  aorta  separated 
from  the  pulmonary  artery  f ,  and  the  peculiarities  of  the 
foetal  circulation  established,  about  the  end  of  the  second 
month. 

5.  This  circulation  takes  place  in  the  following  manner : 
From  the  placenta  the  blood  ascends  by  the  single  con- 
torted umbilical  vein  to  the  umbilicus,  and  thence  by  the 
edge  of  the  broad  ligament  to  the  liver,  where  it  joins  the 
left  branch  of  the  Vena  Portte,  and  is  distributed  for  the 
most  part  through  the  left  lobe  of  tlie  liver, — part,  how- 
ever, passing  forward  by  the  ductus  A^enosus,  directly  to 
the  vena  cava  ascendens,  which  the  rest  likewise  enters  af- 
ter being  distributed  through  the  liver. 

When  the  blood  of  the  vena  cava  ascendens  reaches  the 
heart,  the  greater  part  of  it  is  directed  at  once  to  the  left 
auricle ;  the  Eustachian  valve,  in  front  of  it;  preventing 
much  admixture  with  the  blood  of  the  right  auricle,  at 
least  until  the  later  months,  when  this  valve  is  shortened. 
From  the  left  auricle  it  is  projected  into  the  left  ventricle, 
and  thence  into  the  aorta ;  and  nearly  the  whole  contents 

■  See  Tiedemann's  Anatomy  of  the  Foetal  Brain,  translated  by  Den- 

NETT. 

■f  Allex  Thomson,  loco  I'it. 
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of  tlie  left  ventricle  appear  to  pass  into  the  carotid  and 
subclavian  arteries,  to  supply  the  upper  parts  of  the  body, 
and  upper  extremities  *.  Returning  from  these  by  the 
vena  cava  descendens,  the  blood  passes  through  the  right 
side  of  the  heart,  and  is  projected  by  the  right  ventricle 
and  pulmonary  artery,  partly  into  the  lungs,  but  chiefly 
tlu'ough  the  canalis  arteriosus  into  the  commencement  of 
the  descending  aorta,  which  it  appears  completely  to  fill,  at 
least  during  great  part  of  the  fcetal  life.  From  the  inter- 
nal iliac  arteries  a  great  part  of  this  blood  ascends  by  the 
two  umbilical  artei'ies  at  the  sides  of  the  bladder,  and  pass- 
ing out  by  the  umbilicus,  is  carried  by  the  cord  to  the 
placenta ; — while  the  rest  is  circulated  through  the  lower 
parts  of  the  foetus,  and  rejoins  it  in  the  vena  cava. 

The  use  of  the  distribution  of  so  much  of  the  blood  from 
the  placenta  to  the  liver  is  still  doubtful ;  but  the  other  ar- 
rangements now  described  are  evidently  calculated,  not 
only  to  expose  the  blood  of  the  foetus  to  the  salutary 
changes  which  it  undergoes  at  the  placenta,  but  likewise 
to  send  most  of  this  blood  to  the  upper  parts  of  the  body 
of  the  foetus  before  it  visits  the  lower  parts;  to  allow  a 
small  portion  only  of  this  blood  to  have  access  to  the  lungs 
of  the  foetus ;  and  farther,  to  secure  the  co-operation  of 
both  ventricles  of  the  foetal  heart  in  the  circulation  through 
its  body. 

6.  After  this  circulation  is  established,  it  seems  to  be  a 
general  law,  that  the  growth  of  organs  is  proportioned  to 
the  development  of,  and  flow  of  blood  through,  the  blood- 
vessels supplying  them.  The  deficiency  of  parts  of  the  body 
in  monsters  may  generally  be  traced  more  or  less  directly 
to  this  cause ;  and  the  development  of  the  Nervous  System, 
in  particular,  appears  strictly  proportioned  to,  and  depend- 
ent on,  the  development  of  the  vessels  supplying  it,  the 


•  See  a  translation  of  Kilian's  work  on  the  Foetal  Cuxiilation,  i 
Archives  de  Mcdecine,  1828. 
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nerves  being  first  formed  in  most  parts  of  tlie  body,  tbe 
spinal  cord  before  the  brain,  and  the  brain  before  tbe  cere- 
bellum, and  tbe  growth  of  both  these  organs  taking  place 
in  the  direction  in  which  the  branches  of  the  carotid  and 
vertebral  arteries  extend  themselves  *. 

7.  There  are  certain  parts  fully  developed  in  the  foetus, 
which  shrink  and  become  apparently  useless  in  the  adult, 
and  the  use  of  which  is  still  unknown,  particularly  the 
Thymus  Gland,  situated  between  the  layers  of  the  anterior 
Mediastinum,  and  the  Supra  Renal  Capsules.  The  liver 
and  thyroid  gland  are  likewise,  for  reasons  not  known,  of 
larger  size  in  proportion  to  other  parts  than  in  the  adult ; 
and  the  urachus  connecting  the  bladder  with  the  umbilicus, 
has  no  known  use  in  tlie  human  foetus.  Another  curious 
fact  is,  the  development  of  parts  of  organs,  which  after- 
wards shrink  and  become  rudimentary,  even  during  the 
foetal  life ;  of  which  the  most  striking  is  tbe  caudal  pro- 
longation of  the  vertebral  column  and  spinal  cord  during 
the  first  three  months ;  the  membrana  pupillaris,  which 
lies  across  the  pupil  in  the  earlier  months,  and  the  pro- 
longation of  the  caecum,  which  afterwards  becomes  the 
Processus  Vermiformis,  belong  to  the  same  class.  And 
a  still  more  curious  process  is  the  descent  of  the  testes, 
from  their  position  on  the  Psoas  muscles,  through  the  ab- 
dominal rings  to  the  scrotum,  and  the  change  connected 
with  that  movement,  in  the  adjoining  portions  of  peri- 
toneum. 

8.  The  circulation  in  the  foetus  is  very  rapid,  the  pulsa- 
tions of  the  heart  above  120.  The  secretions,  and  more 
particularly  thfe  excretions,  must  necessarily  be  much  re- 
strained during  the  foetal  life ;  but  a  whitish  unctuous  sub- 
stance is  formed  on  the  surface  in  the  later  months ;  and 
there  is  a  copious  secretion  into  the  intestines  (which  arc 
longer  in  proportion  to  the  size  of  the  body  than  in  the 

•  See  particularly  Serres,  Auat.  Comp.  du  Cerveau. 
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adult),  both  of  mucus  and  of  bile,  from  whicli  the  greenish 
liquid  matter  called  Meconium  is  formed,  vvliich  exists  in 
the  lower  intestines  during  the  later  months,  and  is  dis- 
charged soon  after  birth.  In  some  instances  this  has  taken 
the  exact  form  of  hardened  faeces ;  and  from  this  circum- 
stance, and  more  especially  from  the  contents  of  the  lower 
intestines  showing  little  or  no  albumen,  while  those  of  the 
higher  intestines  contain  albumen  in  abundance,  it  appears 
probable,  that  there  is  a  pi'ocess  of  Digestion  of  the  con- 
tents of  the  intestines  during  foetal  life,  on  which  the  nu- 
trition is  partly  dependent  *.  The  power  of  generating 
animal  heat  is  feeble  in  the  foetus,  its  temperature  being 
92°  or  93°, — which  is  to  be  expected  from  its  venous  blood 
being  less  different  from  its  arterial  than  in  the  adult, — 
from  its  small  supply  of  oxygen,  and  deficient  secretions. 
In  these  circumstances,  and  in  the  greater  size  of  the  par- 
ticles of  its  blood,  its  vitality  approaches  to  that  of  cold- 
blooded animals. 

The  weight  of  the  lungs  of  the  infant  is  in  general 
nearly  doubled  after  respiration  is  established,  but  the 
proportion  of  their  weight,  either  before  or  after  that 
change,  to  the  whole  weight,  is  exceedingly  various ;  be- 
ing, according  to  the  observations  of  Chaussier,  from  ^\ 
to  in  children  still  born,  and  from  j\  to  ^\  in  those 
dying  very  soon  after  birth.  The  whole  weight,  at  birth, 
is,  on  an  average,  about  T  lb.,  and  the  length  about  20 
inches. 

The  changes  on  the  uterus,  which  attend  the  develop- 
ment of  the  ovum  within  it,  likewise  demand  attention. 
These  are,  not  only  very  great  enlargement  of  size,  but 
softening  of  texture,  and  alteration  of  form,  which  take 

•  See  Geoffroy  de  St  Hilaihe,  Philosophie  Anatomique,  p.  288 ; 
and  more  particularly  Drs  Lee  and  Prout,  in  Philosophical  Transactions', 
1829.  Dr  Lee  having  found  the  albumen  also  in  the  hepatic  ducts  sus- 
pects that  the  liver  is  its  chief  source,  and  therefore,  that  the  office  of 
the  liver  is  specifically  distinct  in  the  foetus  and  adult. 
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place  graduallj"^,  and  somcwliat  variously.  For  the  first 
tlirce  months  the  uterus  remains  in  the  pelvis,  and  its  ab- 
solute increase  is  slow;  but  in  tlie  next  three  it  increases 
more  rapidly,  and  rises  nearly,  or  quite,  to  the  umbilicus, 
and  by  the  end  of  pregnancy,  nearly  to  the  sternum.  Its 
shape  is  gradually  altered,  first  by  the  increase  of  its  ti*ans- 
verse  diameter  at  its  central  and  lower  part,  by  which  it 
becomes  more  oval,  and  afterwards  by  the  expansion  of  its 
cervix,  which  in  general  takes  place  almost  entirely  in  the 
three  last  months,  and  furnishes  the  surest  sign  of  the  vi- 
sible enlargement  of  the  abdomen  depending  on  the  deve- 
lopment of  the  uterus. 

The  constitutional  effects  which  attend  pregnancy  arc, 
firat,  suppression  of  the  menses,  which  is  nearly  invari- 
able ;  being  in  fact  the  natural  result  of  the  formation  of 
the  membranes  which  line  the  inside  of  the  uterus  closely, 
and  cover  its  mouth,  and  never  separate  from  it  in  the 
healthy  state  of  pregnancy  ; — secondly,  the  enlargement  of 
the  mammae  during  the  last  half  of  the  time,  and  more 
particularly  the  formation  of  the  brown  areola  around  the 
nipple; — thirdly,  various  dyspeptic  symptoms,  particularly 
the  morning  sickness ; — and  fourthly,  various  nervous  symp- 
toms, particularly  mental  languor  or  irritability.  But 
these,  although  often  very  obvious,  are  not  exclusively 
characteristic ;  and  the  dyspeptic  and  nervous  symptoms 
are  in  some  cases  slight,  and  in  many  abate  considerably 
after  the  third  month.  The  movements  of  the  child  may 
be  felt  occasionally,  but  of  very  various  strength,  during  the 
last  four  or  even  five  months. 

The  usual  duration  of  pregnancy  is  just  about  280  days. 
Many  children  are  born  before  this  time,  but  very  few  af- 
ter it ;  and  the  law  which  allows  a  child  to  be  legitimate  if 
born  six  kalendar  montlis  after  the  marriage  of  the  mother, 
or  ten  months  after  the  death  of  the  reputed  father,  is  gene- 
rally thought  to  embrace  all  possible  cases.     Yet  cases 

have  occurred,  in  which  there  was  good  evidence  of  chil- 
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dren  having  lived  that  were  born  before  the  sixtli  month, 
and  of  parturition  liaving  been  delayed  beyond  the  tenth  *. 

The  contraction  of  the  uterus,  on  which  parturition  de- 
pends, is  not  the  effect  of  its  distention  by  its  contents,  but 
of  a  change  in  the  vital  actions  going  on  in  itself ;  for  it  is 
observed,  in  a  certain  degree,  at  the  usual  time,  even  in 
cases  of  extra-uterine  conception.  It  appears  from  experi- 
ments by  Magendie,  that  there  are  likewise  changes  in  the 
placenta,  towards  the  end  of  pregnancy,  tending  to  the  gra- 
dual dissolution  of  part  of  the  vascular  union  between  it 
and  the  placenta,  whereby  the  hcemorrhage  attending  the 
ultimate  separation  is  no  doubt  lessened. 

The  principal  changes  during  parturition  are  these, 

1.  The  contractions  of  the  uterus  cause  pains,  recurring 
at  intervals,  which  gradually  diminish,  for -some  hours,  re- 
ferred to  the  back,  abdomen,  pelvis,  and  thighs ;  and,  along 
with  these,  gradual  dilatation  of  the  os  uteri, 

2.  When  this  is  accomplished,  the  membranes  are  more  or 
less  protruded,  and  then  burst,  and  the  liquor  umnii  escapes. 

3.  There  is  after  this  an  increase  and  change  of  the  pain- 
ful contractions  of  the  uterus,  aided  by  sympathetic  actions 
of  the  diaphragm  and  abdominal  muscles,  by  which  the 
head  of  the  child  (in  natural  labour),  is  forced  down, — the 
vagina  and  external  parts  being  stretched  and  unfolded  to 
make  room  for  it;  and  the  head  changing  its  direction  as  it 
descends,  so  that  the  occiput,  from  being  directed  towards 
one  of  the  acetabula,  comes  to  be  behind  the  arch  of  the 
pubes,  and  the  face  in  the  hollow  of  the  sacrum.  After  the 
head  has  passed  the  external  parts,  the  pain  becomes  less 
urgent,  and  the  rest  of  the  body  passes  more  easily. 

5.  There  is  subsequently  a  slighter  renewal  of  the  pain- 
ful contractions,  ending  in  the  discharge  of  the  placenta, 
and  membranes ;  then  a  bloody  discharge  for  some  days, 
with  occasional  pains,  by  which  coagula  are  thrown  off; 

•  See,  for  example,  Edinburgh  Medical  and  Surgical  Journal,  vols.  xi. 
and  XXV. 
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a  whitish  discharge  for  some  time  longer;  and  the  uterus 
gradually  returns  to  its  original  form  and  situation  in  from 
twenty  to  thirty  days  after  delivery. 

According  to  the  observations  of  Dr  Granville,  the  ute- 
rus, at  the  time  of  delivery,  attains  a  temperature  ten  or 
twelve  degrees  higher  than  has  been  observed  in  any  other 
part  of  the  body*. 

The  singular  circumstance  of  the  sudden  rupture  of  so 
many  large  vessels  as  those  which  x'amify  on  the  inner  sur- 
face of  the  uterus,  at  the  parts  carved  by  the  placenta,  with- 
out dangerous  haemorrhage,  depends  chiefly  on  gradual  and 
uninterrupted  contraction  of  the  uterus,  coiistringing  the 
mouths  of  the  vessels ;  and  most  cases  of  dangerous  haemor- 
rhage depend  on  imperfection  or  interruption  of  this  tonic 
contraction. 

It  may  be  remarked  here,  generally,  that  uterine  haemor- 
rhage, leading  to  separation  of  the  placenta  and  abortion  or 
premature  labour,  may  very  frequently  be  referred  to  one 
or  more  of  the  following  causes :  General  weakness,  and 
especially  unusual  susceptibility  of  those  impressions  in  the 
nervous  system,  which  are  apt  to  influence  the  circulation ; 
general,  and  more  particularly  local,  pletliora  ;  any  sudden 
excitation  of  the  system,  whether  from  physical  or  mental 
causes  ;  febrile  disease,  especially  such  as  proceeds  from  a 
contagious  poison  ;  local  injury,  whether  from  external  or 
internal  causes,  in  the  neighbourhod  of  the  uterus.  There 
are  also  many  cases  in  which  abortion  depends  on  original 
malformation  or  fatal  disease  of  the  foetus.  There  are  cases 
which  we  cannot  refer  distinctly  to  any  of  these  causes ; 
and  it  has  beeii  observed,  that  such  cases  are  remarkably 
prevalent  in  certain  times  or  seasons. 

The  most  important  change,  in  the  mother,  consequent 
on  parturition,  is  that  which  takes  place  in  the  mammfP, 
which  are  already  much  enlarged,  and  already,  in  general, 
secrete  and  discharge  a  small  quantity  of  serous  fluid.  With- 

•  Phil.  Trans.  1825. 
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in  two  days  after  parturition,  this  fluid  assumes  the  charac- 
ter of  milk,  which  it  retains  (the  proportion  of  curd  how- 
ever increasing)  for  many  months  afterwards.    Its  dis- 
charge is  effected,  in  consequence  of  the  an-angement  of  the 
ducts  of  the  gland,  by  a  certain  erection  of  the  nipple,  as 
well  as  by  the  suction  of  the  child.    The  flow  of  blood  to 
the  mammae,  during  the  whole  time  of  nursing,  is  very 
much  increased,  as  is  obvious  from  their  increased  tenden- 
cy to  inflammation.    That  sympathetic  change  on  the  se- 
cretion of  these  glands,  according  to  what  was  formerly 
stated,  is  probably  dependent,  at  first,  on  sensations  which 
result  from  the  action  going  on  at  the  uterus.  Certainly 
in  this,  as  in  other  cases  to  which  the  term  Sympathy  is  ap- 
plied, it  is  by  no  means  a  general  law,  that  every  change 
at  the  uterus  is  followed  by  a  change  on  the  mammae. 
And  after  parturition,  it  is  certain  that  the  continuance  of 
the  secretion  depends  very  much  on  the  emotions  excited 
in  the  mother  by  the  sight  of  the  infant;  and  this  not  only 
in  the  human  race,  but  even,  according  to  the  observation 
of  Hunter  and  of  Roulin,  in  the  lower  animals  *. 

The  important  changes  on  the  foetus,  consequent  on  par- 
turition, are  the  effects  of  the  interruption  of  the  flow 
of  blood  along  the  umbilical  cord ;  and  of  the  powers  of 
Sensation,  which  are  unnecessary  for  any  of  the  purposes  of 
foetal  life,  being  excited  by  the  new  circumstances  in  which 
it  is  placed.  Its  first  respiration  may  be  ascribed,  partly  to 
the  cessation  of  the  small  supply  of  imperfectly  arteriali- 
zed  blood,  which  its  lungs  had  received  from  the  placenta, 
but  chiefly  to  the  novel  impression  of  cold  air  on  the  sur- 
face of  the  body.  The  changes  in  the  circulation  within 
the  chest,  the  gradual  closure  of  the  foramen  ovale,  and  the 
more  rapid  obliteration  of  the  canalis  arteriosus,  for  which 
provision  had  already  been  made  in  the  altering  form  of 
the  parts,  may  be  ascribed  partly  to  the  expansion  of  the 

•  See  Journal  of  the  Royal  Institution,  No.  II.,  and  Annales  des  Sciences 
Naturelles,  t.  xvi.  p.  24. 
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lungs,  and  the  vital  and  chemical  actions  established  there, 
which  solicit  the  flow  of  blood  into  the  lungs,  and  therefore 
fill  the  left  side  of  the  heart  from  them.  The  changes  in 
the  lungs  themselves,  their  great  increase  of  absolute  weight, 
and  great  diminution  of  specific  gravity,  which  are  like- 
wise effected  gradually,  are  the  natural  result  of  the  admis- 
sion of  much  additional  blood  into  their  vessels,  and  of  air 
into  their  cells.  The  continuance  of  the  acts  of  respiration, 
the  instinctive  movements  of  the  limbs,  eyes,  &c.  and  the 
instinctive  acts  of  sucking  and  deglutition, — being  all  the 
natural  effects  of  sensation  in  the  living  body,  and  espe- 
cially of  the  establishment  of  the  feeling  of  anxiety  from 
want  of  air,  and  of  the  appetites  of  hunger  and  thirst, — are 
all  to  be  ascribed  to  the  increased  Sensibility,  which  results 
from  the  action  of  perfectly  arterialized  blood  on  tlie  ner- 
vous system.  Thus  it  is  that  Life,  which  during  the  foetal 
state  is  Organic  only  (and  may  therefore  be  maintained 
without  brain  or  spinal  cord),  now  becomes  truly  Animal, 
and  is  placed  in  dependence  on  Sensation. 

Another  subject  of  importance  in  this  department  of 
physiology  is  the  influence  of  the  constitution  and  habits  of 
parents  on  their  offspring. 

That  the  stature,  complexion,  forms  of  features  and  limbs, 
&c.,  as  well  as  the  mental  peculiarities  of  the  offspring,  fre- 
quently bear  a  strong  resemblance  to  those  of  the  parents, 
is  matter  of  familiar  observation  ; — it  is  certain  also,  that 
resemblances  in  these  respects  are  obsei-^v'ed  nearly  indis- 
criminately to  both  parents ; — and  it  has  often  been  noticed, 
that  such  peculiarities  have  passed  over  one  generation,  and 
appeared  in  tlie  next.  Peculiarities  of  formation,  such  as 
supernumerary  fingers  or  toes,  have  in  like  manner  often 
been  hereditary  in  families,— sometimes  descending  by  the 
females  and  sometimes  by  the  males,— and  yet  been  found 
only  in  a  certain  number  of  the  members  of  these  families  • 
In  like  manner  longevity  is  very  often  observed  to  be  herc- 

•  See  Carlyle  in  Philosophical  Transactions,  1814;  and  Hai.i.ei«> 
JElem.  Physiol,  torn.  viii.  p.  !)G, 
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ditary  * ;  and  it  is  therefore  quite  in  conformity  with  other 
ascertained  facts,  that  we  find  the  tendency  to  certain  dis- 
eases, particularly  to  Asthma,  Gout,  Mania,  and  the  vari- 
ous forms  of  disease  which  are  ranked  together  under  the 
tei'm  Scrofula,  to  be  much  greater  in  some  families  than  in 
others;  although  in  many  cases  it  is  only  by  the  action  of 
well-marked  exciting  causes,  that  such  diseases,  even  in 
persons  so  predisposed  to  them  by  hereditary  constitution, 
are  produced. 

Various  observations  appear  to  indicate,  that  the  sex  of 
the  offspring  is  in  some  measure  dependent  on  the  relative 
energy  of  the  parents ;  being  most  frequently  male,  when 
the  male  parent  has  been  of  the  stronger  habit  of  body,  and 
vice  versa  f.  Whatever  be  the  causes  acting  on  parents, 
which  influence  the  sex  of  their  offspring,  these  causes  must 
operate,  on  the  whole,  very  uniformly  over  the  world,  and 
so  as  to  cause  a  slight  preponderance  of  the  number  of 
males,  the  male  births  exceeding  the  female  very  general- 
ly in  all  countries,  and  nearly  in  the  proportion  of  21  to 
20. 

The  age  of  parents  must  also,  no  doubt,  influence  the 
constitution  of  their  ofl'spring ; — those  who  are  in  the  vigour 
of  life  being  best  fitted  for  the  procreation  of  children  of 
strong  constitution  ;  but  statistical  statements  from  different 
countries  show,  that  the  average  productiveness  of  mar- 
riages is  very  different  in  different  stages  of  advancement 
and  civilization — evidently  because  marriages  are  usually 
contracted  much  later  in  some  of  these  countries  than  in 
others, — without  any  corresponding  difference  in  the  ave- 
rage health  of  the  community ;  from  which  it  may  be  in- 
ferred, with  more  confidence  than  from  any  individual  ob- 
servations, that  both  men  and  women  are  equally  capable 

•  See  a  collection  of  cases  of  this  kind  in  Sir  J.  Sinclair's  Code  of 
Healtii  and  Longevity,  vol.  i.  p.  87. 

t  See  Giaoo  de  Buzareingues  in  Ann.  des  Sciences  Natuielles, 
torn.  XV. 
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of  the  procreation  of  healthy  offsprhig  during  a  consider- 
able part  of  their  lives. 

We  have  no  means  of  judging  in  what  manner  peculiari- 
ties, either  of  the  male  or  female  parents,  are  impressed  on 
their  offspring;  but  it  is  an  important  fact,  that  the  influ- 
ence of  the  male,  in  the  case  of  some  animals,,  is  not  con- 
fined to  the  ovum  which  he  actually  impregnates ;  the  pe- 
culiarities of  a  male  animal,  that  has  once  had  intercourse 
with  a  female,  having  been  distinctly  recognised  in  the  off- 
spring of  subsequent  connexions  of  that  female  with  other 
males  *. 

The  acquired  habits,  and  mode  of  life  of  parents,  have 
likewise  a  very  important  influence,  which  is  well  ascer- 
tained on  a  large  scale,  but  cannot  be  easily  demonstrated 
by  individual  instances,  on  the  character  of  the  vital  ac- 
tions wliich  their  offspring  will  exhibit.  In  so  far  as  the 
mode  of  life  of  pai-ents  is  permanently  debilitating,  and  dis- 
poses them  to  scrofulous  disease,  it  is  certain  that  it  will 
generally  give  a  similar  tendency  to  their  progeny ;  as  is 
evident  on  comparing  the  amount  of  scrofulous  disease  in 
the  young  children  of  a  great  town,  with  its  amount  in  the 
previous  generations  of  the  same  families,  if  engaged  in 
agricultural  employments.  The  effect  of  habits  of  parents 
on  the  vital  actions  of  their  offspring  is  well  illustrated  by 
the  great  variety  of  appearances  assumed  by  animals  when 
domesticated,  and  their  return,  in  the  course  of  a  few  ge- 
nerations, in  a  state  of  nature,  to  a  single  and  uniform 
type  t- 

But  a  more  singular  fact,  which  appears  well  ascertained 
in  regard  to  certain  animals  (dogs  and  horses),  and  pro- 
bable in  regard  to  the  human  species  also,  is  the  transmis- 

•  As  in  the  instance  of  an  Arabian  mare  that  had  been  once  covered  by 
a  (juagga.    Philosophical  Transactions,  1821. 

-|-  See  Isidore  St  Hilaire,  "  Considerations  sur  les  Mammiferes ;" 
and  "  Recherches  sur  quelques  Changemens  observ'^s  dans  les  Animaux 
Domestiques,"  &c.  by  Roulin,  in  Ann.  des  Sciences  Naturelles,  t.  xri. 
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sion,  to  the  second  aud  third  generation,  of  habits  not 
natural  to  the  animal,  hut  acquired  by  education  and  train- 
ing *. 

Again,  it  is  certain  that  various  accidental  circumstances 
affecting  the  mother  during  gestation,  may  influence  the 
nutrition  and  subsequent  vital  actions  of  her  offspring.  It 
appears,  from  the  observations  of  Geoffroy  St  HiLAiREf, 
that  preternatural  adhesions  of  parts  of  the  foetus  to  the 
membranes  and  the  placenta  occur  occasionally,  and  so 
confine  and  derange  the  circulation  in,  and  development  of, 
the  foetus,  as  to  produce  various  kinds  of  monstrosities ; 
and  both  from  his  observations  and  those  of  many  others, 
it  seems  well  ascertained,  that  such  derangements  of  the 
vital  actions  within  the  uterus,  may  be  produced  either  by 
injuries,  or  by  sudden  and  violent  mental  emotions,  when 
these  are  not  so  powerful  as  to  cause  abortion.  If  the  ob- 
servations of  Sir  E.  Home  I  shall  be  confirmed,  that  nerves 
may  be  distinguished  in  the  placenta  and  umbilical  cord, 
the  efficacy  of  mental  emotions,  on  the  growth  of  the  foetus, 
may  be  more  easily  understood.  It  is  much  more  doubtful, 
whethei'  the  precise  nature  of  the  alteration  effected  in  any 
case  on  the  growth  of  the  foetus,  can  be  determined,  as  is 
vulgarly  supposed,  by  the  images  in  the  mind  of  the  mother ; 
but  as  we  know,  from  such  facts  as  that  noticed  in  last 
page,  that  the  peculiarities  of  a  male  animal  may  influ- 
ence the  products  of  conceptions  in  which  he  is  not  him- 
self concerned,  we  are  hardly  entitled  to  deny  the  possibi- 
lity of  such  an  agency  of  mental  affections. 

"  See  RouLiN's  paper,  above  quoted ;  and  the  report  on  it  by  Geof- 
FHOY  St  Hilaihe. 

f  Philosophic  Anatomique,  p.  208  and  527, 

t  Phaosophical  Transactions,  1825. 
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CHAPTER  XVIII. 

OF  PECULIARITIES  OF  AGE,  SEX,  AND  TEMPERAMENT. 

The  vital  actions  of  all  warm-blooded  animals,  imme- 
diately after  birth,  approach  in  several  respects  to  those  of 
cold-blooded  animals.  Their  circulation,  although  very 
rapid,  is  easily  repressed,  particularly  by  cold  * ;  their 
power  of  generating  heat^  is  feeble,  and  in  the  human 
epecies  and  many  others,  would  be  insufficient,  of  itself,  to 
preserve  life ;  their  sensibility,  and  mental  powers,  are  im- 
perfectly established  ;  and  their  li^^es  are  chiefly  spent  in 
sleep  ; — but  on  the  other  hand,  they  have  more  endurance 
of  life,  in  different  circumstances;  the  same  degree  of  re- 
duction of  their  own  temperature  -f-,  the  same  length  of  sus- 
pension of  the  function  of  respiration  |,  and.  the  same 
amount  of  destruction  to  the  Nervous  System  §, — is  not 
fatal  to  the  vitality  of  their  organs  of  circulation,  as  in 
adult  animals. 

The  following  appear  to  be  the  most  important  peculiari- 
ties which  appertain  to  the  periods  of  childhood  and  early 
youth,  gradually  diminishing  as  life  advances: 

1.  The  capillary  vessels,  and  particularly  the  capillary 
arteries,  are  much  more  numerous  in  all  the  textures,  and 
bear  a  much  greater  proportion  to  the  larger  vessels,  as  is 
obvious  on  con<paring  the  red  lines  in  an  aged  countenance, 
with  the  diffused  bloom  of  youth,  and  as  is  more  distinctly 

•  See  Edwards,  De  I'lnfluence  des  Agens  Physiques,  &c.  Part  iii- 
ch.  i. 

f  Ibid.  Part  iv.  ch.  ii. 

4:  Ibid.  Part  iii.  ch.  iv.  and  Part  iv.  ch.  vL 
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shown,  by  injections  of  subjects  at  different  ages ;  so  that 
the  blood  must  diverge  much  more  into  the  interior  of  the 
textures,  than  in  adults. 

2.  During  the  whole  period  of  youth,  the  irritability  of 
the  organs  of  circulation  is  evidently  greater  than  in  adults; 
the  number  of  pulsations  of  the  heart,  at  first  double  that 
in  the  adult,  is  only  gradually  reduced,  and  is  easily  raised, 
by  various  hinds  of  excitement ;  hence  a  febrile  state,  with 
increased  heat  of  skin,  is  much  more  easily  produced  than 
in  advanced  life,  and  if  excited  by  inflammation,  is  of 
greater  intensity  and  duration,  than  that  which  the  same 
extent  of  inflammation,  in  advanced  life,  would  occa- 
sion. 

3.  The  vital  action  of  the  vascular  system,  although  more 
easily  excited  and  increased,  has  not  (according  to  the  ge- 
neral observation  of  physicians)  so  much  strength  or  endu- 
rance, as  in  adults.  It  is  more  easily  depressed,  not  only 
by  cold,  as  already  stated,  but  by  evacuations,  particularly 
of  blood. 

4.  The  organic  functions  going  on  in  the  capillary  ves- 
sels take  place  with  greater  rapidity ;  as  appears,  not  only 
from  the  growth  of  the  body,  but  from  digestion  being  more 
rapid,  and  more  frequent  reception  of  food  being  required ; 
from  the  bowels  being  more  open;  and  again,  from  the 
body  wasting  more  rapidly  under  the  influence  of  any  dis- 
ease which  impairs  digestion. 

5.  The  peculiarities  of  the  functions  of  the  Nervous  Sys- 
tem during  youth  arc  analogous  to  those  of  the  organs  of 
circulation.  The  Nervous  System  appears  more  susceptible 
of  change  of  all  sorts,  or  to  possess  more  mobility^  than  in 
more  advanced  life.  All  objects  of  sensation  impress  them- 
selves more  strongly  on  the  attention,  and  thereby  on  the 
recollection,  and  knowledge  of  all  sorts  is  more  easily  ac- 
quired. All  the  natural  desires  are  more  lively,  and  the 
flow  of  thought  more  rapid ;  but  the  power  of  continued 
voluntary  attention,  either  to  objects  of  sense,  or  to  mental 
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abstractions,  is  less.  Muscular  motion  is  more  grateful; 
continued  inactivity  is  felt  as  a  greater  restraint ;  and  varia- 
tions of  any  combined  voluntary  movements  are  more  easily 
performed,  so  that  the  physical  education  is  easier ;  but  the 
strength  and  endurance  of  the  power  of  voluntary  muscu- 
lar contraction  are  inferior  to  what  they  afterwards  become. 
Mental  emotions  are  more  easily  excited,  and  their  influence 
on  the  body  is  more  obvious ;  but  they  are  also  more  tran- 
sient and  capricious. 

The  body  does  not  attain  its  full  height  till  some  years  after 
the  time  of  puberty;  the  growth  in  other  directions  continues, 
although  slowly,  for  a  time  after  the  full  height  is  attained; 
and  it  is  not  until  the  growth  in  all  directions  is  completed, 
that  the  bodily  strength  is  greatest. 

The  brain  is  probably  the  first  part  of  the  body  which 
attains  its  full  size,  being,  in  general,  as  large  about  seven 
years  of  age,  as  subsequently.  The  growth  at  the  extre- 
mities of  the  body  appears  manifestly  to  be  accelerated  by 
a  sedentary  life  (when  the  health  continues  good),  and  to 
be  somewhat  retarded  by  habits  of  muscular  exertion,  which 
solicit  the  flow  of  blood  into  muscular  parts.  The  growth 
is  perhaps  accelerated,  and  certainly  iuAngorated,  by  fre- 
quent alternations  of  temperature  within  certain  limits ;  but 
is  permanently  checked  by  habitual  exposure  to  extreme 
cold,  as  in  the  Arctic  Regions. 

Growth,  in  all  parts  of  the  body,  after  birth,  appears  to 
take  place,  not  as  in  the  earlier  periods  of  foetal  life,  by 
deposition  from  the  fluids  to  form  new  organs,  but  by  the 
extension  of  parts  previously  organized.  And  the  vessels 
of  every  organized  texture  possess  the  power  (although 
in  very  various  degrees),  of  throwing  out,  under  certain 
circumstances  of  injury  or  disease,  lymph  which  shall  gra- 
dually assume  the  properties  of  that  texture.  But  the  de- 
position of  bone,  whether  between  membranes,  as  in  the 
cranium,  or  in  cartilages,  as  in  the  extremities,  takes  place 
in  parts,  already  formed ;  it  is  always  preceded  by  increased 
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vascularity ;  and  the  deposition  of  the  new  bone  appears 
to  be  chiefly  at  the  extremities  of  the  bony  fibres  already 
formed.  The  cartilaginous  rings  which  unite  the  epiphy- 
ses with  the  shafts  of  the  long  bones,  and  the  sutures  of  the 
bones  of  the  head,  allow  of  growth  of  bones  taking  place 
in  this  way,  without  any  extension  of  fibres  already  form- 
ed ;  and  some  experiments  of  Mr  Hunter  *  have  been 
thought  to  indicate  that  bones  never  do  grow  in  this  last 
way.  But  the  changes  which  take  place  in  the  lower  jaw, 
long  after  birth,  are  enough  to  show,  that  bony  fibres  may 
grow  by  extension  of  their  parts,  as  well  as  by  deposition 
at  their  extremities. 

Most  of  the  second  set  of  teeth  are  formed  within,  as 
well  as  protruded  fi'om,  the  maxillary  bones,  at  different 
periods  after  birth. 

The  changes  which  take  place  on  the  body  in  old  age 
(but  which  begin  at  very  different  periods  of  life  in  diffe- 
rent persons),  cause  peculiarities  nearly  the  reverse  of  what 
were  remarked  in  youth.    The  circulation  in  the  capillary 
arteries  becomes  gradually  more  confined  to  the  larger  of 
those  that  communicate  with  veins,  while  many  of  the 
smaller  are  obliterated;  and  the  power  of  generating  heat 
is  again  diminished.   The  circulation  is  somewhat  retarded, 
and  gradually  enfeebled,  notwithstanding  that  the  pulse 
often  feels  strong,  by  reason  of  the  diminished  elasticity 
and  vital  power  of  the  arteries.    The  same  amount  of  in- 
flammation, or  of  other  diseased  states  of  the  body,  excites 
less  febrile  reaction  than  formerly ;  and  any  diseased  ac- 
tion established  in  the  vascular  system  shows  less  tendency 
to  spontaneous  abatement.     The  cells  of  the  lungs  are 
remarkably  enlarged,  so  that  the  action  of  the  blood  and 
the  air  in  the  lungs  must  be  diminished.    Nutrition  of  all 
the  textures  takes  place  more  slowly  ;  the  decremeMum 
corporis  is  established ;  the  textures  become  generally  more 

•  See  Transactions  of  a  Society  for  the  Improvement  of  Medical  and 
Surgical  Knowledge,  vol.  ii. 
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rigid;  the  proportion  of  fluids  is  diminished;  the  cornea  is 
flattened ;  many  of  the  cartilages,  and  sometimes  certain 
of  the  membranes  (independently  of  any  decided  disease), 
become  bony.  The  senses  become  somewhat  blunted ; 
muscular  exertion,  especially  any  new  combination  of 
muscular  actions,  becomes  irksome ;  as  the  vital  power  of 
the  muscles  diminishes,  the  desires  become  less  keen ;  the 
disposition  to  fix  the  mind  on  any  new  object  of  thought  is 
lessened  ;  and  the  associations  connected  with  these  become 
few  and  feeble ;  so  that  the  recollection  of  them  is  soon  lost. 
Mental  emotions  are  less  easily  excited,  and  their  influence 
on  the  body  is  less  obvious.  But  in  diflfereut  individual 
cases,  there  is  very  great  variety  in  these  respects. 

The  peculiarities  of  the  female  constitution,  in  the  func- 
tions common  to  both  sexes,  are  seen  chiefly  between  the 
time  of  puberty  and  the  cessation  of  the  menses.  Accord- 
ing to  the  observations  of  Le  Canu,  the  blood  in  women 
contains  more  water,  and  less  of  the  solid  matter  of  the 
crassamentum  than  in  men ;  the  proportions  on  an  average 
of  10  cases  being  as  follows,  in  1000  parts  ; 

In  Men.  In  Women. 

Water,  *    789.3    804.3 

Solids  of  Crassamentum,     .    132.5  .......  115.9 

SoHds  of  Serum,     ....     78.2    79.8 

The  branches  of  the  descending  aorta,  supplying  the  ab- 
domerl  and  pelvis,  are  not  only  larger  in  women,  but  are 
more  habitually  liable  to  variation  in  the  quantity  of  their 
contents ;  and  hence  probably  it  happens  that  inflamma- 
tions, and  other  diseases  of  the  parts  supplied  by  these  ves- 
sels, are  more  easily  induced.  The  nourishment  of  the 
organs  concerned  in  locomotion  is  less  active,  and  that  of 
the  cellular  and  adipose  textures  generally  more  active 
than  in  man.  But  the  chief  difference  is  in  the  functions 
of  the  nervous  system.  The  sensations  in  women  are  pro- 
bably more  acute,  or  their  minute  diffverences  more  easily 
discerned ;  the  mind  is  more  easily  impressed  by  any  new 
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object  of  thought ;  the  disposition  to  active  and  sustained 
exertion,  whether  mental  or  bodily,  is  less,  and  the  mental, 
emotions  are  stronger,  and  arrest  the  attention  more 
forcibly,  than  in  man ;  so  that  women  are  more  habitually 
under  their  influence.  They  are  less  guided  in  their  con- 
duct, by  simply  intellectual  acts,  directed  to  the  attain- 
ment of  definite  objects,  and  are  more  apt  to  be  biassed  in 
their  judgments,  by  preconceived  feelings  ;  but  these 
feelings  are  very  generally  disinterested,  and  ti'ue  to  the 
purposes  for  which  they  are  destined  by  nature.  The 
great  influence,  on  all  the  functions  of  women,  of  sensations 
and  emotions,  and  of  changes  in  the  nervous  system,  which 
afl'ect  the  other  organs  nearly  in  like  manner  as  these 
mental  feelings  do,  is  very  important  in  reference  to  many 
of  their  diseases. 

The  influence  of  habits  and  external  circumstances  on 
the  human  constitution  is  obviously  great,  but  not  easily 
referable  to  distinct  principles.  It  is  illustrated  by  the 
difference  between  the  vigorous  circulation,  muscular 
strength,  strong  mental  determination,  but  deficient  sensi- 
bility, or  vei'satility  of  mind,  which  often  characterize  men 
habituated  to  the  labours  of  the  country ;  and  the  feebler 
circulation,  inferior  muscular  power,  and  less  tenacity  of 
purpose,  but  greater  acuteness  of  sensibility,  and  greater 
activity  of  mind,  generally  observed  in  the  inhabitants 
of  great  towns ;  and  such  diff^erences  modify  very  mate- 
rially both  the  kinds  of  disease  to  which  these  persons  are 
liable,  and  the  action  of  remedies  upon  them.  A  diff^e- 
rence  in  some  respects  similar  is  seen  on  comparing  the 
usual  temperaments  of  the  inhabitants  of  the  North  and 
South  of  Europe. 

An  enumeration  of  the  peculiarities  of  the  different  races 
of  mankind  would  require  a  long  discussion ;  and  ample 
information  may  be  found  in  the  works  of  Lawrence, 
Prichard,  Mayo,  Desmoulins,  Edwards,  &c.  In 
Europe,  it  would  appear  that  two  races,  in  some  respects 
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considerably  different,  have  existed  almost  from  the  earliest 
periods  of  history, — the  one  characterized  by  black  hair 
and  eyes,  and  a  dark  complexion ;  and  the  other  by  light 
coloured  or  red  hair,  generally  blue  eyes,  and  a  fair  or 
floi'id  complexion.  Individuals  of  the  first  race  belong 
generally  to  the  nations  originally  Celtic ;  they  constitute 
the  bulk  of  the  population  of  France,  Italy,  and  Spain,  and 
have  been  divided  by  medical  authors  into  those  of  the 
choleric  and  those  of  the  melancholic  temperaments.  Those 
of  the  second  race  are  generally  of  Gothic  origin  ;  they 
predominate  greatly  in  Germany,  Denmark,  and  Sweden, 
and  have  been  divided  into  those  of  the  sanguine  and  those 
of  the  phlegmatic  temperament  *.  In  the  British  Islands, 
and  in  Switzerland,  there  appears  to  be  a  greater  mixture 
of  these  races  than  in  most  other  countries. 

The  differences  between  the  great  divisions  of  black  and 
white  men,  and  some  of  the  subordinate  di^nsions  of 
nations,  in  different  quarters  of  the  globe,  are  much  more 
striking.  The  secretion  on  the  cutis  vera,  which  gives  the 
black  colour  to  the  skin,  appears  to  assist  in  fitting  men 
for  residence  in  hot  climates  ;  because  although  such  skin, 
by  absorbing  more  caloric,  rises  to  a  higher  temperature 
under  the  sun's  rays,  than  white  skin  does,  yet  it  does  not 
inflame  so  readily  from  a  rise  of  temperature  f  ;  and  as  the 
radiation  of  caloric  from  it,  when  its  temperature  is  higher 
than  that  of  surrounding  objects,  is  greater  than  that  from 
white  skin,  those  who  have  it  must  enjoy  greater  alterna- 
tions of  heat  and  cold. 

But  it  appears  evidently  from  what  has  been  observed 
of  the  coijiparative  liability  of  whites  and  blacks  to  diffe- 
rent diseases,  (especially  of  remittent  fever,  inflammations 
of  different  parts,  and  the  Indian  cholera),  and  of  the  diffe- 
rence of  the  course  of.  these  diseases  in  them,  that  the  vari- 

■  See  Gregohy's  Conspectus,  cap.  xxiii. 
t  Sir  E.  Home,  in  Phil.  Trans.  1821, 
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ous  races  of  blacks  and  whites  differ  from  one  another  in 
circumstances  not  to  be  explained  by  the  colour  or  texture 
of  their  skin,  and  which  have  not  yet  been  satisfactorily 
investigated. 

The  study  of  such  varieties,  consistent  with  health,  in 
the  human  species,  forms  the  proper  connecting  link  be- 
tween the  subjects  of  Physiology  and  Pathology.  These 
subjects  have  been  generally  treated  together  ;  but  it  is 
impossible  to  give  a  satisfactory  account  of  the  changes 
that  take  place  in  any  disease,  or  even  in  consequence  of  an 
injury,  without  reference  to  the  Physiology  of  different 
parts  of  the  system ;  and  therefore  all  such  discussions  are 
better  postponed,  until  the  healthy  condition  of  all  the 
functions  has  been  examined. 
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CHAPTER  L 

•  PBELIMINAliY  OBSERVATIONS. 

As  the  object  of,  Physiology  is  to  deliver  the  history  and 
explanation  of  all  the  phenomena  by  which  the  living  body 
is  distinguished  from  the  dead,  so  the  object  of  Pathology 
is  to  describe  and  explain  all  the  phenomena  by  which  the 
diseased  states  of  the  living  body  differ  from  the  healthy ; 
and  we  call  all  states  of  the  living  body  diseased,  in  which 
there  are  such  deviations  from  its  natural  condition,  as  cause 
suffering  or  inconvenience,  or  endanger  life. 

A  slight  attention  to  this  subject  is  sufficient  to  show, 
that  there  are  many  facts  in  regard  to  the  operation  of  ex- 
ternal causes  on  the  human  body,  and  the  modes  of  dis- 
eased action  assumed  by  its  different  organs,  which  could 
not  possibly  have  been  inferred  from  our  knowledge  of  the 
structure  and  healthy  action  of  parts  ;  which  are  made 
known  to  us  only  by  observation  of  the  diseased  conditions 
of  the  body  themselves ;  and  can  only  be  properly  genera- 
lized by  an  induction  strictly  confined  to  this  department 
of  knowledge. 

The  first  step  in  this  induction  is  the  classification  of  in- 
dividual cases  of  disease  into  Genera  and  Orders,  according 
to  the  resemblances  which  their  symptoms,  observed  du- 
ring life,  bear  to  each  other.  Tliose  cases  which  appear 
the  most  closely  analogous  are  carefully  observed,  and  tlieir 
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usual  history  and  terminations  ascertained;  a  selection  is 
made  from  these  histories,  of  the  symptoms  which  appear 
the  most  characteristic,  and  are  ohservcd  the  most  uni- 
formly, to  form  the  definitions,  (i.  e.  abridged  descriptions) 
of  genera  of  disease ;  and  from  a  number  of  such  defini- 
tions, a  farther  selection  is  made  of  certain  sets  of  symptoms, 
which  are  stated  as  characterizing  a  class  or  order  of  genera. 

This  process,  of  the  description  and  nosological  arrange- 
ment of  diseases,  was  necessarily  begun,  and  carried  to 
a  high  degree  of  perfection,  for  practical  purposes,  before 
any  considerable  progress  was  made  in  the  investigation  of 
the  intimate  nature  of  the  changes  which  take  place  in  the 
living  body,  Avhether  in  health  or  disease. 

When  the  characteristic  symptoms  and  usual  history  of 
a  disease  are  accurately  fixed,  the  principles  of  Physiology, 
enabling  us  to  understand  what  functions  of  the  body  are 
disordered,  in  what  manner  they  are  altered,  and  how 
their  alteration  aflfects  other  functions,  suffice  for  the  ex- 
planation of  many  of  the  phenomena  of  that  disease.  The 
nosological  characters,  and  observed  symptoms  of  diseases, 
enable  us,  therefore,  to  go  so  far  in  their  Pathology.  And 
there  are  some  diseases,  which  do  not  necessarily  cause  any 
change  in  the  structure  of  the  body,  and  the  explanation  of 
which  can  hardly  be  sought  in  any  other  way  than  this. 

But  that  the  explanation  of  the  phenomena  of  disease  thus 
obtained  is  necessarily  very  limited  and  imperfect,  appears 
from  the  following  considerations. 

1.  The  variety  of  individual  cases  of  disease  being  in 
fact  infinite,  and  the  rules  by  which  they  are  classed  into 
orders  and  genera  being  for  the  most  part  arbitrary  and  ar- 
tificial, it  very  often  happens,  that  a  case  which,  in  some  of 
its  symptoms,  resembles  one  set  of  other  cases,  (and  is 
therefore  necessarily  classed  along  with  them  under  tlic 
same  title),  in  others  of  its  symptoms  bears  an  equally  im- 
portant resemblance  to  others,  in  different  parts  of  the  No- 
sology. 

There  are,  therefore,  many  combinations  and  succes- 
sions of  symptoms,  which  it  is  important  to  study  (botli  for 
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theoretical  and  practical  purposes)  besides  tliose  on  which 
the  arrangements  of  classes  and  genera  are  founded  ; — such 
are  those  which  we  express  by  the  terms,  Tendency  to 
Syncope,  to  Coma,  or  to  Asphyxia, — typhoid  tendency, — 
inflammatory  tendency, — nervous  ii-ritability, — gastric  de- 
rangement,— putrescent  diathesis,  &c.  which  are  often  ob- 
served in  the  course  of  many  different  diseases.  When  we 
attempt  the  explanation  of  deviations  from  the  healtliy 
state  of  the  body,  these  moi'bid  states,  often  common  to 
many  cases  which  are  otherwise  A^ery  dissimilar,  claim  at- 
tention equally  as  the  histories  of  diseases  distinguished  by 
the  nosologist,  and  it  becomes  obvious,  that  the  science  of* 
Pathology  cannot  be  limited  by  these  arbitrary  distinctions. 

2.  When  the  changes  in  the  structure  of  the  body  that 
take  place  in  the  course  of  diseases,  are  examined  during 
life,  and  more  especially  after  death,  it  appears  that  differ- 
"Bnt  combinations  of  symptoms  are  often  apparently  excited 
by  the  same  fundamental  diseased  action,  and  consequent- 
ly found  in  connexion  with  the  same  altei'ation  of  organic 
structure ;  and  again,  tliat  very  different  alterations  of  struc- 
ture may  be  attended,  in  different  individuals,  by  symptoms 
the  greater  number  of  which  are  very  nearly  the  same. 

These  last  facts  have  led  many  inquirers  into  this  depart- 
ment of  Nature,  to  look  on  organic  changes  of  structure, 
apparent  in  the  dead  body  after  disease  (and  which  are 
subject  to  less  variety,  and  more  easily  described  and  ar- 
ranged than  the  symptoms  of  diseases)  as  the  only  sure 
basis  of  all  pathological  discussions ;  and  the  accui  ate  de- 
scription and  arrangement  of  these  has  been  regarded  too 
exclusively  by  some  as  the  main  object  of  Pathology,  whieh 
is  thus  rendered  nearly  a  synonymous  term  with  Morbid 
Anatomy. 

But  the  following  considerations  .seem  sufficient  to  shew 
on  the  other  hand,  that  the  study  of  organic  lesions,  al' 
thougli  an  essential,  can  form  but  a  small  part  of  a  ra- 
tional and  useful  system  of  Pathology. 

1.  There  are  very  numerous  cases,  arranged  into  differ- 
(Mit  genera  of  disease,  some  of  them  imjiortant,  an<l  even 
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rapidly  fatal,  e.g.  different  forms  of  fever,  certain  cases  of 
apoplexy,  and  of  syncope,  tetanus,  &c.  wliich  do  not  uni- 
formly or  necessarily  leave  behind  tliom,  so  far  as  is  yet 
known,  any  alteration  of  textures,  or  other  change,  per- 
ceptible to  the  anatomist ;  the  Patliology  of  which  diseases, 
therefore,  althoiigli  it  may  derive  assistance  from,  cannot 
possibly  be  founded  on,  the  knowledge  of  morbid  appear- 
ances. 

2.  In  many  cases  of  disease,  where  decided  alterations  of 
structure  are  found  after  death,  these  cannot  be  connected 
with  the  fatal  event,  and  do  not  furnish  a  rational  expla- 
nation of  it,  without  reference  to  general  facts  or  princi- 
ples, known  to  us  simply  by  the  previous  observation  of 
disease,  and  by  generalization  of  facts  which  that  study  pre- 
sents. It  is  only  by  such  observation  that  we  learn,  that 
a  certain  amount  of  inflammation  on  the  peritoneum  fur- 
nishes an  adequate  explanation  of  fatal  depression  of  the 
heart's  action  ;  or  even,  that  a  certain  extent  of  ulceration  of 
the  lungs  is  sufficient  to  explain  a  wasting  hectic  fever*.  In 
such  cases  it  is  obvious,  that  the  laws,  according  to  which 
such  lesions  become  injurious  or  fatal,  as  they  cannot  be 
deduced  from  the  study  of  the  lesions  themselves,  demand 
a  separate  investigation. 

"  Jouent-elles  un  role  important  dans  I'economie  aniniale,  les  mem- 
branes sereuses  qui  tapissent  quelques  visceres  ?  Leiir  lesion  traunia- 
tique  est-elle  immediatement  mortelle,  comme  Test  par  example  celle  de 
quelques  parties  de  I'encephale  ?  Certainement  non  ;  et  pourtant  voyez 
les  suites  qu'entraine  leur  inflammation.  Serait  ce  I'injection  de  leurs  ca- 
pillaires  qui  aurait  donn(^  la  raort  ?  Serait  ce  la  couche  de  Ij'mphe  coagula- 
ble  qui  tapisse  la  surface  lisse  de  ces  membranes  ?  Qui  le  croira  ?  II  y  a 
done  encore  autre  chose  dans  ces  cas  que  ce  qui  tombe  sous  les  yeux. 
II  y  a,  independamment  des  elemens  materiels,  un  agent  vital  i  signaler 
et  etudier.  Et  neanmoins  que  trouve  t'on  dans  les  ouvrages  d'anatomie 
pathologiques  d'ailleurs  si  justement  estimi^s  ?  Les  reclierches  les  plus 
precieuses  sur  I'etat  des  tissus,  I'examen  le  plus  scrupuleux  de  leurs  jpro- 
prietds  physiques  et  chimiques,  ie  rapprochement  le  plus  exact  des  phe- 
nomenes  de  la  maladie  avcc  les  alterations  organiques ;  maispeu  de  conside- 
rations physiologiques  sur  la  patliogenie  de  ces  derniers.  Or,  il  est  tres 
essentiel  de  s'occuper  de  ces  considerations,  ^  fin  de  donner  h  tons  ces 

travaux  le  complement  qui  leur  manque  Lohstein,  Traitii  d' Anatomic 

Patliologique,  liv.  i.  §.  29D. 
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3.  Even  in  those  cases  where  the  morbid  structures  that 
are  ascertained  to  exist  before  death  or  found  after  death, 
easily  and  satisfactorily  explain  the  symptoms  in  the  latter 
stages/  of  the  disease  and  the  death  of  the  patient,  it  is  ob- 
^nous  that  these  alterations  of  structure  must  themselves 
have  resulted  from  previous  diseased  actions,  i.  e.  that  every 
disease  must  necessarily  have  been  one  of  f  unction,  before 
it  could  become  one  of  structure.  The  main  object  of  in- 
quiry is  into  the  essential  conditions  and  intimate  nature  of 
these  diseased  actions ;  and  although  all  tlie  information 
we  can  acquire  in  regard  to  them  is  necessarily  limited, 
and  liable  to  various  sources  of  fallacy,  yet  the  study  of  the  ' 
diseased  structures,  which  are  their  effect  and  indication, 
has  little  value,  either  with  a  view  to  Pathology  or  to  Prac- 
tice, except  in  so  far  as  it  tends  to  give  some  insight  into 
tlie  nature  of  the  diseased  actions  themselves. 

These  considerations  are  sufficient  to  shew  that  Patho- 
logy, or  the  study  of  diseases,  cannot  be  made  to  assume 
the  form  of  a  science,  without  careful  investigation,  and 
reference  to  general  laws,  1.  Of  those  morbid  actions 
which  produce  no  lesions  of  structure;  2.  Of  those  which 
precede,  and  cause  such  lesions ;  and,  3.  Of  those  which 
are  produced  by,  and  succeed  such  lesions,  or  attend  their 
formation. 

It  thus  appears,  that  neither  the  study  of  Physiology,  the 
study  of  symptoms  as  they  appear  during  life,  nor  the  study 
of  organic  lesions  discoverable  after  death,  is  sufficient  in 
itself  to  enable  us  to  deliver  the' history  and  explanation  of 
the  phenomena  of  disease;  but  that  information  from  all  these 
sources  must  be  collected  and  combined  for  this  purpose. 

There  is,  farther,  a  very  important  subject  of  inquiry, 
which  forms  part  of  Pathology,  but  requires  a  separate  in- 
duction of  facts,  and  a  different  kind  of  evidence,  viz.  that 
which  relates  to  the  remote  Causes  of  Diseases,  or  the  ex- 
ternal conditions  necessary  to  their  production ;  and  which 
are  ascertained  chiefly  by  comparative  observations,  on  large 
numbers  of  individuals,  becoming  affected  with  particular 
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cTiseases  under  certain  circumstances  or  coutlitionsj  and 
escaping  tliem  under  others. 

When  all  the  information  obtained  by  these  different 
inquiries  is  collected  and  generalized,  it  naturally  leads 
to  the  determination  of  certain  ultimate  facts,  or  laws  in 
this  department  of  Nature;  according  to  which,  under  the 
influence  of  certain  external  causes,  the  different  textures 
and  organs  of  the  living  body  undergo  particular  altera- 
tions of  their  vital  action,  and  thereby  derange  the  other 
A'ital  actions  of  the  system.  The  fewer,  and  the  more 
comprehensive,  these  ultimate  facts,  the  more  successful 
must  the  induction  be  regarded. 

Some  of  these  laws  have  been  already  so  far  ascertained 
as  to  enable  us  to  treat  the  subject  in  some  measure  synthe- 
tically. 

The  simplest  exemplification  of  these  ultimate  facts  in 
Pathology  is  to  be  found  in  cases  of  sudden  death,  and  in 
the  action  of  violent  injuries ;  and  we  therefore  premise  a 
short  account  of  diffei'ent  fatal  injuries,  to  discussions  on 
the  Pathology  of  any  diseases. 


CHAPTER  TI. 

OF  THE  ACTION  OF  CAUSES  OF  SUDDEN  DEATH. 

These  have  been  already  in  some  degree  under  conside- 
ration, as  illustrating  the  importance,  and  dependence  on 
one  another,  of  the  different  functions  ;  but  the  effects  pro- 
duced by  the  most  powerful  external  agents  on  the  func- 
tions which  they  especially  affect,  could  not  have  been  in- 
ferred from  our  knowledge  of  the  natural  actions  of  the 
body,  and  must  be  regarded  as  ultimate  facts, — to  which 
reference  may  be  afterwards  made  in  attempting  the  ex- 
planation of  the  more  complex  phenomena  of  disease. 

The  action  of  all  causes  of  violent  or  sudden  death  may 
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be  referred  ultimately  to  two  modes  of  injury,  which  are 
in  some  cases  perfectly  distinct,  although  in  others  they 
are  evidently  blended.  We  cannot,  indeed,  arrange  the 
causes  of  violent  death  strictly  according  to  these  differ- 
ences in  the  mode  of  their  action,  because  the  same  causes 
appear  to  act,  imder  different  circumstances,  sometimes 
chiefly  in  the  one  way,  and  at  other  times  in  the  other ; 
but  we  can  point  out  that  their  fatal  effects  are  always  pro- 
duced, either  by  their  directly  depressing  or  suspending  the 
vital  action  of  the  organs  of  circulation, — or  else,  by  their 
obstructing  the  arteriaXization  of  the  blood,  and  therefore,  ac- 
cording to  principles  formerly  stated,  arresting  the  circida- 
tion  at  the  lungs. 

We  know  farther,  that  the  first  effect,  or  what  may  be 
called  in  general  death  by  syncope,  or  beginning  at  the  Heart, 
may  be  produced  in  two  ways  :  1.  By  a  cause  acting  on 
the  system  after  the  manner  of  a  Concussion  or  shock,  de- 
pressing the  vital  powers  by  which  the  blood  is  moved ;  2. 
By  abstraction,  sudden  or  gradual,  of  the  vital  stimulus ; — 
and  that  the  second  effect  may  be  produced  also  in  two 
ways,  1.  By  injury  of  the  Nervous  System,  arresting  re- 
spiration through  the  intervention  of  insensibility,  i.  e.  pro- 
ducing death  by  Coma,  or  beginning  at  the  Brain  ;  and,  2. 
By  direct  impediment  to  the  access  of  air  to  the  lungs,  pro- 
ducing what  is  strictly  called  death  by  Asphyxia,  or  begin- 
ning at  the  Lungs. 

To  these  principles  we  can  ascribe  the  known  effects  of 
the  following  kinds  of  injury;  and  having  illustrated  these, 
we  may  afterwards  refer  to  them  with  advantage,  as  the 
facts  most  analogous  to  tlie  changes  that  constitute  disease, 
and  especially  to  those  circumstances  of  disease  which  ai*e 
immediately  dangerous  to  life. 

I.  It  is  to  be  expected,  from  what  we  know  of  the  functions 
of  the  Nervous  System,  that  Injuries  affecting  it  sliould  im- 
pair, more  or  loss  completely,  the  sensations,  the  mental 
powers,  and  the  voluntary  motions;  but  tljey  become  danger- 
ous to  life  only  in  the  ways  already  specified,  inasmuch 
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as  they  affect  the  fundamental  function  of  Circulation,  either 
directly,  or  through  the  intervention  of  the  Respiration. 

1.  The  most  violent  injui'ies,  affecting  the  Nervous  Sys- 
tem, suddenly  arrest,  or  greatly  impair,  the  motion- of  the 
blood  in  all  parts  of  tlie  body,  i.  e.  they  produce  a  state  of 
Syncope  or  faintness;  the  heart's  action  either  suddenly 
ceasing,  or  becoming  very  feeble ;  the  pulse  small,  or  im- 
perceptible, and  the  surface  cold ;  at  the  same  time  that 
sensation  and  voluntary  motion  are  suspended  immediately 
after  them.  This  direct  effect  on  the  circulation  of  violent 
injuries  of  the  brain  was  overlooked  by  Bichat,  but  is  well 
illustrated  by  Dr  Wilson  Philip  ;  and  has  long  been  known 
to  practical  men,  as  constituting  the  most  characteristic 
part  of  the  first  symptoms  of  general  concussion  of  the  brain, 
as  distinguished  from  more  partial  compression  of  it. 

The  experiments  of  Legallois  and  Dr  Wilson  Philip 
farther  shew,  that  this  effect  on  the  heart's  actions,  and  on 
the  motion  of  the  blood  in  the  capillaries,  may  result  from 
injury  of  any  part  of  the  brain  or  spinal  cord,  if  it  extend 
to  large  portions  of  the  nervous  matter;  and  many  examples 
inform  us,  that  when  concussion  is  general  over  the  whole 
system,  it  is  frequently  fatal,  in  this  way,  without  any  vi- 
sible disorganization  being  produced. 

After  death  from  affection  of  the  nervous  system,  thus 
directly  influencing  circulation,  the  heart  is  sometimes 
found,  especially  in  the  most  sudden  cases,  q.uite  empty  of 
blood  (the  c^use  of  which  appearance  is  doubtful),  in  other 
cases  distended  ;  but  with  no  decided  difference  as  to  the 
quantity  of  blood  in  its  right  and  left  sides. 

Irv  cases  of  this  kind  it  is  not  quite  certain,  that  the  fatal 
depression  of  the  vis  vitas  in  the  circulating  system  is  the 
effect  of  an  impression  made  on  the  nervous  system ;  and 
some  have  supposed,  that  such  injuries  are  fatal  by  a  direct 
effect  on  the  smaller  arteries,  checking  the  circulation  m 
them  so  completely,  as  to  throw  a  burden  on  the  heart 
which  it  is  unable  to  overcome.  But  the  effects  of  violent 
injuries  confined  to  the  brain  or  spinal  cord,  as  in  the  ex- 
periments of  Wilson  Philip  and  Legallois,  are  just 
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similar  to  tliose  of  a  general  concussion;  mental  causes, 
of  powerful  operation,  which  certainly  act  through  the  ner- 
vous system,  have  just  the  same  effect;  partial  although 
violent  injury  of  other  textures  has  no  such  effect ;  nor  does 
such  an  effect  result  from  suddenly  stopping  the  flow  of 
hlood  in  several  large  _arteries  by  ligatures,  or  by  amputa- 
tion of  a  large  limb ;  and  therefore  it  is  highly  probable, 
that  general  concussion  of  the  body  does  act,  as  is  general- 
ly thought,  on  the  vascular  system  through  the  intervention 
of  the  nervous  ;  and  this  is  one  of  the  facts  included  under 
the  general  statement  formerly  made,  that  the  nervous  sys- 
tem, although  not  necessarily  concerned  in  the  functions  of 
organic  life,  is  yet  so  connected  with  them,  that  by  cer- 
tain changes  in  it,  any  of  these  functions  may  be  variously 
altered,  or  even  totally  suspended. 

Tliere  is  great  variety  as  to  the  amount  of  injury  which 
will  produce,  in  different  individuals  of  the  human  species, 
the  sedative  effect  on  the  circulation  now  in  question ;  and 
as  to  the  duration  and  termination  of  that  sedative  effect, 
which  sometimes  abates  quickly,  and  sometimes  gradually 
increases  till  it  is  fatal,  some  hours  after  the  injury. 

There  appears  to  be  a  variety  also,  in  the  part  of  the  cir- 
culation chiefly  affected  by  such  injuries.     In  some  in- 
stances the  circulation  on  the  surface  appears  to  fail,  and 
the  heat  of  the  surface  is  reduced  much  more  than  in 
others,  where  the  heart's  action  is  equally  depressed.  In 
experiments  by  Chossat,  the  heart's  action  was  for  some 
time  little  affected  by  certain  injuries  of  the  brain,  which 
checked  the  circulation  in  the  capillaries  so  completely,  as 
to  suspend  the  secretions  and  the  evolution  of  heat.  When 
the  spinal  cord  has  been  severely  injured  in  the  human 
body,  below  the  neck,  the  circulation  in  the  capillaries  has 
generally  appeared,  for  some  time,  more  affected  than  the 
heart's  action,  although  it  is  by  gradual  failure  of  the  cir- 
culation that  such  cases  are  ultimately  fatal. 

There  is  also  great  variety  in  the  alterations  of  the  func- 
tions of  the  Nervous  System  itself,  which  result  from 
such  injuries,  and  accompany  or  succeed  the  sedative  effect 
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on  the  circulation.  In  some  cases  the  coma  is  long  con- 
tinued and  profound,  in  others  transient ;  in  some  cases 
it  is  attended  by  much  convulsion,  in  others  by  little  or 
none  ;  in  some  cases  it  is  succeeded  by  much  headach,  or 
by  general  or  partial  amentia  or  delirium,  or  by  incessant 
nausea  and  vomiting ;  and  in  others  by  none  of  these. 
And  it  is  certain  that  all  these  varieties  in  the  symptoms, 
in  such  cases,  may  be  independent  of  any  perceptible  al- 
teration of  the  structure  of  the  nervous  system  *. 

It  is  an  important  fact,  that  when  injuries  that  have  af- 
fected the  Nervous  System,  and  through  it  the  circulation, 
in  the  manner  now  stated,  arc  not  quickly  fatal,  but  are  fol- 
lowed by  the  slower  processes,  to  be  afterwards  described,  of 
inflammation  and  fever,  the  progress  of  these  is  frequently 
obserA'ed  to  be  modified  by  the  preceding  or  accompany- 
ing state  of  the  system,  likewise  consequent  on  the  injuries ; 
and  that  in  these  circumstances  fever  is. apt  to  assume  the 
form  to  be  afterwards  described  as  typhoid^  and  inflamma- 
tion to  terminate  rapidly  in  gangrene  f. 

2.  A  slighter,  and  especially  a  more  partial  injury  of  the 
Brain,  or  upper  part  of  the  Spinal  Cord,  if  its  action  be  of 
suflacient  intensity  and  duration,  is  adequate  to  produce 
death  in  a  totally  different  way,  viz.  by  Coma  or  stupor, — 
"  superstite  actione  cordis  et  arteriarum."  The  essential 
peculiarity  of  this  kind  of  fatal  effect  of  an  injury  of  the 
Nervous  System  is,  that  Respiration  takes  place  imperfectly, 
and  ultimately  is  suspended,  by  reason  of  the  defect  of  sen- 
sation ;  and  in  the  cases  which  are  characteristic  examples 
of  this  mode  of  death>  the  circulation,  and  sometimes  the 
animal  heat,  not  only  continue  entire  up  to  the  moment 
when  the  last  breath  is  drawn,  but  even  survive  the  respi- 
ration for  a  short  time ;  during' which  time,  of  course,  ve- 
nous blood  moves  along  the  arteries ;  but  the  venous  blood 
soon  ceases  to  make  its  way  through  the  capillaries  of  the 
lungs,  and  the  circulation  is  therefore  brought  to  a  stand. 
(See  Outlines  of  Physiology,  p.  152.) 

•  See  BnoniE,  Medico-Chii-urgicnl  Transactions,  vol.  xiv. 
f  See  particularly  Thavers  on  Constitutional  Irritation. 
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The  experiments  of  m.iuy  physiologists  shew,  that  it  is  in 
this  way  only  that  death  is  protluced  when  the  spinal  cord 
^  is  cut  in  the  upper  part  of  the  neck,  or  the  head  cut  off, 
without  violent  haemorrhage,  and  without  any  large  portion 
of  the  brain  or  spinal  cord  being  crushed. 

The  most  common  injuries  of  the  nervous  system  which 
cause  death,  thus  preceded  by  Coma,  are  those  in  which  there 
is  partial  compression  of  the  nervous  matter,  as  by  depressed 
bone,  or  effused  blood,  pus,  or  serum ;  but  it  is  in  the  same 
way  that  death  is  often  produced  by  disorganizations  of  the 
brain,  which  do  not  necessarily  imply  compression  of  its 
substance ;  and  also  by  certain  poisons,  the  effect  of  which 
on  its  functions  does  not  appear  to  depend  on  alteration  of 
the  pressure  on  it ;  and  it  is  therefore  incorrect  to  speak 
generally  of  such  symptoms  as  indications  of  pressure  on 
the  brain. 

We  know  from  Physiology,  that  the  part  of  the  Nervous 
System  which  must  be  especially  affected  in  these  cases, 
where  the  failure  of  respiration  is  the  immediate  cause  of 
death,  must  be  at  the  sides  of  the  medulla  oblongata;  but  the 
part  visibly  injured  is  often  considerably  distant  from  this. 

There  is  A^ery  great  variety  as  to  the  duration  and  degree 
of  the  insensibility,  which  precedes  the  failure  of  respira- 
tion in  such  cases  of  injury  of  the  Nervous  System  ;  and  as 
to  the  other  affections,  either  of  the  brain  and  nerves,  or  of 
other  organs,  which  may  attend  that  insensibility,  such  as 
headach,  delirium,  somnolency,  spasms,  palsy,  dilated  or 
contracted  pupil,  preternaturally  slow,  or  frequent,  or  irre- 
gular pulse,  &c.  Even  the  function  of  respii'ation  itself 
is  variously  affected  in  different  cases  of  the  kind,  being 
sometimes  hurried  and  imperfect,  and  in  other  cases  un- 
naturally slow  and  deep,  for  some  time  before  it  is  finally 
suppressed.  After  the  death  thus  produced  by  injuries  of 
the  Nervous  System,  just  as  after  death  by  asphyxia,  tho 
blood  is  found  accumulated  chiefly  in  the  lungs,  pulmonary 
artery,  right  side  of  the  heart,  and  great  A'eins. 


These  two  modes  in  which  injuries  of  the  Nervous  System 
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may  cause  death,  though  perfectly  distinct  in  some  cases,  are 
evidently  combined  in  others ;  the  same  cause  both  instantly 
weakening  the  heart's  action,  and  likewise  deadening  the 
sensibility,  so  as  gradually  to  suppress  the  action  of  respi- 
ration. And  there  are  many  cases  of  injury  of  the  head, 
where  insensibility  and  faintness  from  the  concussion  im- 
mediately succeed  the  accident,  but  quickly  abate,  and  arc 
succeeded  after  an  interval  by  insensibility  with  full  pulse, 
and  death  in  the  way  of  coma ;  which  may  then  be  confi- 
dently ascribed  to  compression  of  the  brain  by  effused  blood 
or  serum. 

Tlierc  are  various  causes,  physical  and  mental,  which  af- 
fect the  Nervous  System,  nearly  in  the  manner  of  a  Con- 
cussion, and  are  apt  to  produce  a  similar  depressing,  and 
sometimes  dangerous,  effect  on  the  circulation,  and  the  ope- 
ration of  which  is  illustrated  by  the  facts  now  stated,  as  to 
the  effects  of  mechanical  injuries.  One  of  these  is,  a  sud- 
den diminution  of  the  pressure,  to  which  the  brain  and  spi- 
nal cord  had  been  previously  subjected.  Thus,  when  a  de- 
pressed piece  of  bone,  or  a  coagulum  of  blood,  or  a  quan- 
tity of  serum,  which  had  long  rested  on  a  portion  of  the 
brain,  has  been  removed,  insensibility,  and  along  with  it 
sudden  feebleness  of  circulation,  have  often  ensued.  When 
a  large  bloodvessel  has  given  way  in  the  head,  and  poured 
blood  into  the  ventricles  (implying,  in  the  first  instance,  a 
sudden  diminution  of  the  pressure  on  a  part  of  the  nervous 
matter),  a  similar  result  has  often  been  observed;  and  been 
followed  in  both  cases  by  a  partial  recovery  of  sense,  and 
of  pulse,  and  then  by  gradual  accession  of  fatal  coma,  as 
the  effused  blood  has  increased  in  quantity  and  compressed 
the  brain  around  it  *.  The  sudden  attack  of  insensibility, 
and  sudden  depression  of  the  heart's  action,  which  may  of- 
ten be  determined  by  the  erect  posture  during  bloodletting, 
or  by  rapidly  removing  the  fluid  of  ascites  without  substi- 
tuting artificial  compression,  must  likewise  be  ascribed  to 
sudden  diminution  of  the  pressure  on  the  brain,  acting  af- 
ter the  manner  of  a  concussion ;  and  are  illustrated  by  the 

•  See  ABsncROMBiE  on  Diseases  ol:  Brnin  and  Spinal  Cord,  p.  928.  ct  seq- 
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attacks  of  syncope,  with  suspension,  or  great  diminution, 
<of  the  motion  of  the  heart,  Avhich  are  often  produced  by 
rising  suddenly  after  long  stooping. 

Another  cause,  which  many  persons  liave  thought  ade- . 
quate  to  produce  such  au  effect  on  the  Nervous  System  as 
shall  act  as  a  concussion,  is  the  impression  made  by  a  can  • 
non  ball,  or  other  large  substance  passing  with  immense 
velocity  close  to  the  head. 

A  cause  certainly  adequate  to  produce  fatal  depression  of 
the  heart's  action,  and  which  no  doubt  acts  through  the 
Nervous  System  in  like  manner  as  a  concussion  of  the  brain, 
is  a  violent  blow  on  the  abdomen,  especially  on  the  epi- 
gastrium, which  has  been  supposed  to  act  immediately  on 
the  great  semilunar  ganglion.    A  draught  of  cold  Avater 
taken  when  the  body  is  heated  and  exhausted  by  fatigue, 
has  in  some  cases  been  instantaneously  fatal  in  the  same 
manner ;  and  the  concussion  from  a  violent  and  extensive 
wound  of  any  part  of  the  abdomen  is  usually  fatal  in  the 
same  rapid  way,  independently  of  haemorrhage,  and  before 
there  is  time  for  inflammation  to  be  established.  These 
facts  are  important,  as  illustrating  the  more  gradual,  but 
very  dangerous  depression  of  the  power  of  the  heart,- which 
is  seen  even  in  the  earlier  stages  of  inflammation  of  the  ab- 
dominal viscera. 

Violent  injuries  of  various  other  parts  of  the  body,  espe- 
cially if  inflicted  on  a  person  of  weakly  habit,  and  in  whom 
the  nervous  system  is  in  a  state  of  imnatural  excitabilit}'^, 
(as  from  the  habitual  use  of  opium  or  spirits)  may  equally 
act  on  the  footing  of  a  concussion,  either  causing  sudden 
death,  or  so  depressing  the  actions  of  the  vascular  system, 
as  to  give  the  typhoid  form  to  the  fever,  and  the  gangre- 
nous tendency  to  the  inflammation,  which  are  to  result. 
This  has  been  observed  from  severe  surgical  operations, 
and  from  extensive  lacerated  wounds,  and  bad  compound 
fractures  of  various  parts,  even  although  there  had  been  no 
general  concussion  of  the  body,  nor  insensibility  imme- 
diately after  the  injury  *. 

•  See  TnAVERS  on  Constitutional  Irritation. 
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In  the  cases  last  mentioned,  it  can  liardly  be  doubted 
that  the  violence,  or  peculiar  nature  of  the  Sensation,' 
which  attends  the  injury,  is  the  intervening  link  through 
which  the  vital  action  of  the  heart  is  sympathetically  af- 
fected ;  and  accordingly,  we  have  many  facts  to  prove,  that 
various  violent  and  overpowering  Sensations,  or  those  cor- 
responding Emotions  of  mind,  as  Joy,  Grief,  Anger,  Fear, 
when  acting  in  the  utmost  intensity,  affect  the  circulating 
system  just  as  a  concussion  does,  and  sometimes  with  fatal 
effect, — especially  when  they  take  place  in  persons  in  a 
state  of  unusual  weakness  or  exhaustion. 

II.  The  effect  of  very  intense  Heat,  applied  to  a  pretty 
large  surface  of  the  body,  as  in  an  extensive  burn,  or  to  the 
whole  body,  sis  in  the  case  of  a  coup  de  soleil,  is  "also  quite 
similar  to  that  of  concussion  ;  there  is  often  insensibility, 
and  always,  when  the  case  threatens  the  most  immediate 
danger,  there  is  the  characteristic  depression  of  the  heart's 
action  ;  and  when  recoveries  take  place  from  the  state  of 
collapse  (as  it  has  been  called)  immediately  succeeding 
sucl)  injury  in  its  extreme  degree,  it  is  often  under  the  use 
of  stimulating  remedies  *. 

But  intense  heat  of  the  sun,  in  other  circumstances, 
especially,  as  it  would  seem,  if  acting  on  a  stronger  liabit 
of  body,  and  when  there  is  less  exhaustion  by  muscular 
exercise,  has  often  produced  a  state  of  insensibility,  in 
which  the  pulse  has  been  fuller  than  natural,  and  the  ves- 
sels of  the  head  unnaturally  turgid,  and  which  has  either 
been  fatal  in  the  way  of  coma,  as  above  explained,  or  been 
relicA'cd  by  copious  evacuations,  and  cold  applications ;  and 
the  same  cause  has  often  pi-oduccd  other  diseased  condi- 
tions connected  with  a  derangement  of  the  action  of  vessels 
of  the  head  +.  In  this  case,  the  most  injurious  effect  of 
the  heat  is  evidently  on  the  vascular  system,  exciting  the 
action  of  the  heart,  and  probably  expanding  the  blood  in 
the  vessels ;  and  the  brain  suffers  probably  from  increased 

•  See  TriAVEns,  1.  c. 

f  See  MiTCiiEi.i,  in  Edinburgh  Medical  and  Surgical  .Tounial,  lfl2fl. 
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compression  by  the  blood ;  whereas  in  the  former  case,  the 
first  and  chief  effect  of  the  heat  appears  to  be  on  the  ner- 
vous system,  and  the  heart  suffers  from  the  violent  impres- 
sion made  there. 

III.  It  appears  from  experiments  on  animals,  by  Fonta- 
NA,  Hunter,  and  Brodie,  and  also  from  cases  obserA'^ed  in 
the  human  body  *,  that  the  effect  of  Lightning  or  Electri- 
city, when  acting  with  the  utmost  intensity,  is  likewise  si- 
milar to  concussion,  depressing  or  even  extinguishing  the 
vital  action  in  the  vascular  system,  at  the  same  time  that 
it  causes  insensibility ;  but  that  when  acting  in  a  less  in- 
tense degree,  it  produces  insensibility  without  any  such 
immediate  sedative  effect  on  the  circulation, — that  this  ap- 
pears often  to  be  connected  with  turgescence  of  the  ves- 
sels of  the  head,  and  probably  expansion  of  their  contents  ; 
— and  that  it  may  terminate  in  death  by  coma,  or  be  fol- 
lowed by  partial  and  more  permanent  injury  of  some  of  the 
functions  of  the  brain  and  nerves. 

IV.  The  effects  of  Cold  on  the  body  are  remarkably  va- 
rious, according  to  circumstances  formerly  briefly  noticed. 
They  depend,  not  so  much  on  the  degree  of  cold  that  is  ap- 
plied to  the  body,  nor  even  on  the  degree  to  which  the  body 
is  actually  cooled, — as  on  the  rapidity  of  the  change,  and  pro- 
bably on  the  intensity  of  the  sensation  thus  excited.  Thus 
it  was  found  by  Chossat,  that  the  temperature  to  which 
the  bodies  of  animals  killed  by  cold  had  been  reduced  be- 
fore they  died,  was  considei-ably  various,  and  always  higher, 
as  the  reduction  of  temperature  had  been  more  rapid,  and 
therefore  more  injurious.  And  the  degree  of  effect  of  any 
cold  applied  to  the  living  body  has  always  been  observed  to 
be  greater,  as  the  sensation  it  excites  is  the  more  intense 
and  the  more  lasting;  and  therefore  to  be  increased  by  all 
circumstances,  either  of  the  body  which  undergoes  the  ex- 

•  See,  e.g.  Pahkikson  in  Memoirs  of  Medical  Society  in  f-ondon, 
vol.  ii  ;  and  Macaulay  in  Edinburgh  Medico-Chirurgical  Transactions, 
vol.  it. 
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posure,  or  of  the  degree  and  mode  of  the  application  of  tlie 
cold,  by  which  the  intensity  and  duration  of  the  sensation 
are  increased. 

When  cold  is  applied  in  each  circumstances  as  to  take 
full  effect  on  the  body,  it  has  been  commonly  stated  that  it 
becomes  dangerous  by  inducing  stupor,  and  ultimately 
death  in  the  way  of  coma.  This  effect  of  cold  has  often 
been  observed,  and  has  sometimes  been  preceded  by  deli- 
rium, has  sometimes  been  attended  by  haemorrhage  from 
the  nostrils  or  ears,  and  has  been  found,  on  dissection,  con- 
nected with  considerable  serous  effusion  in  the  head.  It  is 
therefore  probably  in  a  great  measure  dependent  on  the 
greatly  diminished  flow  of  blood  to  the  surface  and  extre- 
mities, and  proportionally  increased  flow  to  the  brain.  Per- 
sons recovering,  by  assiduous  applic^ion  of  heat,  from  this 
state  of  stupor,  produced  by  cold,  have  continued  comatose 
for  houi's  after  the  circulation  in  their  extremities  has  been 
well  restored  *. 

But  in  those  Avho  become  comatose  from  cold,  the  heart's 
action  is  at  the  same  time  enfeebled ;  and  it  appears  dis- 
tinctly, from  experiments  on  animals,  and  observations  on 
the  human  body,  that  the  most  intense  cold  may  be  fatal  in 
the  same  way  as  a  concussion,  by  a  direct  depressing  effect 
on  the  cii'culation ;  in  which  case,  of  course,  respiration 
continues  up  to  the  moment  when  the  heart's  action  ceases, 
— the  heart  is  found  motionless,  and  with  arterial  blood  in 
its  left  cavities  immediately  after  death, — and  the  artificial 
respiration  is  quite  ineffectual  in  prolonging  life  -f-. 

In  all  cases,  cold  acts  as  a  sedative  power  on  the  capil- 
lary circulation  on  the  surface  :f.,  and  Dr  Edwards  found 
that  its  repeated  or  long  continued  application  has  a  pecu- 
liar effect  in  depressing  the  power  of  subsequently  generat- 
ing heat.    In  some  instances  of  frost-bite  this  effect  is  so 

•  See,  e.g.  Kellie  in  Edinburgh  Medical  Journal,  vol.  i.  p.  304. 

■|-  See  Chossat,  Mem.  sur  I'influence  du  Systeme  nerveux  sur  la  Cha- 
leur  Animale,  p.  B. 

+  BeauI'Iif;,  on  the  Effects  of  Cold,— translated  hy  Ci.EKDiNXiNf;.- 
p.  131. 
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l)owerful  on  the  parts  to  wliicli  it  is  chiefly  applied,  as  to 
put  a  final  stop  to  all  vital  action  in  them,  even  when  the 
system  at  large  does  not  materially  suffer ;  and  in  many 
cases,  the  sedative  effect  on  the  vital  actions  of  frost-bitten 
parts  is  such,  that  the  inflammation,  (which  is  always  ex- 
cited in  a  greater  or  less  degree  by  the  return  of  heat  to 
such  limbs)  shews  evident  marks  of  deficient  I'eaction,  and 
tends  rapidly  to  gangrene. 

But  such  effects  of  intense  cold  on  the  vital  actions  of 
individual  parts,  must  be  carefully  distinguished  from  the 
case  of  cold  acting  as  a  ppwerful  sedative  on  the  whole  sys- 
tem ;  because  in  the  first  of  these  cases,  when  the  general 
circulation  is  strong,  the  chief  danger  is  from  the  inflam- 
mation, which  is  the  direct  consequence  of  the  restoration 
of  the  circulation  and  natural  heat  of  the  part;  and  this  is 
chiefly  to  be  moderated  by  causing  that  restoration  to  take 
place  very  gradually,  therefore  chiefly  by  cold  applications 
tending  to  retard  it ;  whereas  when  the  vital  power  of  the 
whole  system  has  been  depressed,  there  is  no  such  risk  of 
'local  injury  from  the  restoration  of  temperature,  and  ex- 
ternal heat  and  other  stimuli  may  be  much  more  freely  ap  - 
plied. 

V.  In  regard  to  the  action  of  Poisons  on  the  animal  eco- 
nomy, thei-e  are  several  questions  of  much  importance,  to 
which  it  is  the  more  necessary  to  advert,  as  these  pheno- 
mena are  more  analogous  to  the  changes  which  take  place 
in  some  of  the  most  malignant  diseases,  than  any  others  to 
which  we  can  refer  for  illustration  of  these  diseases. 

1.  It  has  been  long  a  subject  of  inquiry,  whether  it  is 
essential  to  the  action  of  poisons,  that  they  should  be  ab- 
sorbed into  the  circulation,  ami  carried  with  the  blood  over 
different  parts  of  the  system,  or  whether  their  action  may 
1)0  on  the  nerves  of  the  parts  to  which  they  are  directly 
;il)l)licd,  and  the  affection  of  the  organs  more  necessary  to 
life  1)0  produced  sympathetically. 
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That  tlie  peculiar  agency,  and  even  the  fatal  effect  of 
some  poisons,  may  he  produced  in  this  last  way,  appears 
distinctly, — 

a.  From  the  very  great  rapidity  of  the  action,  e.  g.  of  the 
oil  of  bitter  almonds,  and  still  more,  of  the  hydrocyanic 
acid,  the  application  of  which  to  the  tongue  of  an  animal, 
has  been  followed  by  death  within  eight,  five,  or  even  three 
seconds,  certainly  before  it  can  have  reached  in  the  way  of 
absorption  and  transmission  along  the  vessels,  the  heart, 
on  which  organ  its  fatal  effect  is  mainly  exerted. 

b.  From  the  suddenly  fatal  effect  of  concentrated  acids 
and  alkalies  taken  into  the  stomach,  which  disorganize  the 
mucous  membrane  there  so  completely  that  they  cannot  be 
absorbed  from  it ;  but  when  in  that  concentrated  state  pro- 
duce death  much  more  rapidly  than  they  do,  when  so  far 
diluted  that  their  absorption  is  easy  *. 

c.  From  the  effect  of  many  poisons,  such  as  Opium, 
Belladonna,  Aconite,  Hydrocyanic  Acid,  having  often  been 
observed  to  take  place,  chiefly  in  parte  in  the  neighbour- 
hood of  that  to  which  they  are  applied,  and  not  merely  in 
the  course  of  the  blood  passing  thence  to  the  heart. 

d.  Perhaps  also,  from  the  effect  of  a  poison  lodged  in  the 
stomach,  having  often  been  observed  very  rapidly  to  abate, 
as  soon  as  it  was  discharged  by  vomiting. 

But  there  is  abundant  evidence,  that  in  a  great  majority 
of  cases  of  poisoning,  the  effect  produced  is  subsequent  to 
the  absorption  of  the  poison  into  the  blood,  and  to  its  trans- 
port, in  the  blood,  from  the  point  where  it  is  applied,  to 
other  parts  of  the  system. 

The  numerous  experiments  of  Fontana,  Monro,  Bug- 
die,  Magendie,  Fodeha,  Christison,  Coindet,  and 
Barry,  leave  no  room  for  doubt,  that  poisons  inserted  into 
wounds,  or  laid  ini  contact  with  internal  membranes,  are 
quickly  absorbed  into  the  blood ;  that  the  passage  of  the 
venous  blood,  from  that  point  towards  the  heart,  is  in  most 
cases  the  only  condition  essential  to  their  action  ;  and  that 

*  CituisTisON  on  Poisons,  p.  6. 
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such  a  diminution  of  atmospheric  pressure  on  the  surface 
where  they  are  placed,  as  shall  prevent  their  absorption, 
will  also  prevent,  or  even  suspend,  their  action. 

But  it  is  not  so  clear,  to  what  distance  from  the  point  of 
its  application  a  poison  must  be  transported  by  the  blood, 
in  order  to  produce  its  full  effect.    The  experiments  of  Dr 
Addison  and  Mr  Morgan  have  shewn,  that  a  poison  in- 
troduced into  a  large  vein  will  act,  notwithstanding  that  its 
direct  access  to  the  heart  is  obstructed, — that  a  poison  intro- 
duced into  the  femoral  artery  will  act  as  rapidly  as  one  in- 
troduced into  the  jugular  vein,  or  carotid  artery; — and  again, 
that  when  the  blood  from  the  carotid  artery  of  one  dog  is 
sent  to  the  brain  of  another,  a  poison  may  be  applied  to  a 
wound  in  the  first  dog,  and  take  full  eflFect  on  him,  with- 
out affecting  the  second.    But  these  results  do  not  seem 
sufficient  to  authorise  the  conclusion  which  they  have  been 
thought  to  support, — that  the  sole  direct  action  of  poisons 
is  on  the  nerves  of  the  vessels,  and  their  action  on  the  brain 
or  heart  only  sympathetic  *.    It  still  appears  much  more 
probable,  that  the  greater  part  of  the  effect  of  poisons, 
which  have  been  absorbed  into  the  blood,  is  consequent  on 
their  direct  application  to  the  more  important  vital  organs. 

Some  poisons  taken  into  the  blood  have  been'  detected 
there,  and  the  action  of  some  has  been  observed  to  be  at- 
tended by  a  change  of  the  sensible  qualities  of  the  blood ; 
and  especially  by  a  diminution  or  loss  of  its  coagulating 
property ;  but  many  act  fully  without  altering  its  sensible 
qualities ;  when  these  are  altered,  it  is  doubtful  how  far 
the  alteration  is  connected  with  the  action  of  the  poisons 
on  the  living  solids  ;  and  the  loss  of  coagulating  power  is 
so  often  seen  in  cases  of  sudden  death,  that  of  itself  it 
gives  no  information  as  to  the  immediate  cause  of  death. 
It  is  very  important  to  keep  these  cautions  in  mind  when 

"  The  last  experiment  gives  no  information  as  to  the  mode  in  which 
poisons  circulating  in  the  blood  aflfect  the  body.  Experiments  by 
Verniere  (Journal des  Progros  des  Sciences  Medicales,  t.  iii.)  shew,  that 
blood  slrmgly  impregnated  with  a  poisoli,  may  be  transfused  i'rom  one  ani- 
mal to  another,  and  produce  its  usual  deleterious  effects. 

Y  2 
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we  apply  the  analogy  of  poisons  to  the  elucidation  of  malig- 
nant  diseases.  They  shew  that  although  the  hlood  be 
changed  by  the  agency  of  the  causes  of  these  diseases,  it 
does  not  necessarily  follow  that  that  change  is  concerned 
in  producing  the  most  essential  symptoms,  or  the  fatal 
event. 

2.  Another  question  which  has  been  started  on  this 
subject  is,  whether  the  action  of  a  poison,  that  has  been 
absorbed  into  the  blood,  on  the  circulation  itself,  is  to  be 
ascribed  to  its  direct  contact  with  the  heart  and  vessels,  or 
in  a  great  measure  to  an  influence  transmitted  to  them 
from  the  nervous  system,  which  it  must  necessarily  also 
pervade.  On  this  point  all  that  can  be  stated  is,  that  we 
have  clear  evidence  of  the  noxious  eifect  of  many  poisons 
on  moving  solids  to  which  they  are  dii'ectly  applied,  (e.  g. 
on  those  of  the  fibres  of  the  heart  or  intestines  with  which 
they  are  laid  in  contact),  or  even  on  vegetables;  but  never- 
theless, as  we  have  seen  that  the  action  of  all  parts  of  the 
circulating  system  in  animals  is  subjected  to  an  influence 
or  control,  from  changes  taking  place  in  then;  nervous 
system,  it  is  quite  possible,  that  the  agency  of  poisons, 
circulating  in  the  blood,  on  muscular  oi'gans,  and  especially 
on  the  circulation,  may  be  in  part  consequent  on  the  im- 
pression which  they  make  on  the  brain  and  nerves.  And 
the  order  of  the  symptoms  in  the  case  of  some  such  poisons, 
as  the  oxalic  acid,  would  seem  to  denote  that  the  primary 
eflfect  is  on  the  brain  and  spinal  cord,  and  that  the  heart 
suffers  secondarily. 

3.  The  action  of  the  diflFerent  mortal  poisons  clearly 
exemplifies  two  of  the  modes  in  which  it  has  been  stated, 
that  sudden  death  may  be  produced,  i.  e.  the  death  by  Co- 
ma, and  the  death  by  Syncope.  Although  some  poisons 
appear  to  act  pecul  iarly  on  the  lungs,  none  produce  sud- 
den death  strictly  in  the  way  of  Asphyxia. 

a.  Those  wliich  are  called  the  Narcotic  poisons,  affect 
especially  the  nervous  system  ;  and  when  acting  in  full 
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force,  produce  the  state  of  Coma,  and  death  strictly  in  the 
way  of  coma,  ah-eady  described,  the  circulation  continu- 
ing, sometimes  even  tolerably  strong,  after  the  last  breath 
is  drawn,  and  then  coming  to  a  stand,  because  the  respira- 
tory movements  are  suspended,  and  the  blood  continuing 
venous,  stagnates  in  the  vessels  of  the  lungs. 

This  ultimate  effect  of  these  poisons  is  preceded  in  dif- 
ferent cases,  just  as  the  ultimate  fatal  effect  of  injuries  of 
the  brain  is,  by  various  affections  of  the  nervous  system, 
Delirium,  Convulsions,  Vertigo,  loss  of  different  of  the  ex- 
ternal senses,  &c. ;  or  it  may  take  place  gradually,  without 
any  of  them.  After  it,  the  blood  is  found  accumulated 
in  the  gi'cat  veins,  and  on  the  right  side  of  the  heart,  and 
the  left  is  nearly  empty. 

That  this  is  the  immediate  cause  of  death  in  such  cases, 
appears  most  clearly  from  the  experiments  of  Mr  Bro- 
DIE  *,  to  which  reference  was  formerly  made ;  in  which  the 
Qirculation  was  maintained  by  artificial  respiration,  after 
the  natural  respiration  had  been  suspended  by  the  action 
of  such  poisons,  until  the  impression  which  they  had  made 
on  the  nervous  system  had  subsided,  and  the  sensibility, 
and  therefore  the  natural  respiration,  were  restored ;  and 
the  animals  recovered  from  apparent,  and  what  would 
otherwise  have  been  real,  death. 

It  is  thus  that,  according  to  these  experiments,  alcohol, 
the  essential  oil  of  almonds,  and  tobacco,  the  juices  of  the 
aconite,  and  the  woorara  poison,  produce  death ;  and  the 
same  is  evidently  the  full  and  perfect  action  of  opium,  hy- 
oscyamus,  camphor,  conium,  and  other  medical  agents  com- 
monly called  Narcotics. 

But  although  the  chief  agency  of  these  poisons  is  on  the 
Bensorium,  i.  e.  on  the  brain,  yet  it  is  to  be  observed,  that 
they  all  appear  more  or  less  to  weaken,  and  often  may 
irretrievably  depress,  the  action  of  the  heart  likewise,  and 
not  merely  by  reason  of  their  effect  on  respiration.  And 
although  there  is  one  case,  already  quoted,  on  record,  where 

"  rhil.  Trana.  1812. 
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the  fatal  effect  of  opium  on  the  human  body  was  arrested 
by  the  artificial  respiration,  after  the  natural  had  failed ; 
yet,  in  general,  the  pulse  becomes  so  feeble,  the  skin  so 
cold,  and  the  vital  actions  in  the  capillary  vessels  are  evi  - 
dently  so  much  impaired,  under  the  influence  of  lai'ge  do- 
ses of  opium,  before  the  respiration  comes  to  a  stand,  that 
there  is  little  ground  for  expecting  that  their  fatal  effect 
can  often  be  arrested;  even  by  this  means,  at  so  late  a  pe- 
riod. 

b.  There  are  other  poisons,  the  fatal  effect  of  which  is 
evidently  exerted  on  the  heart  only,  and  which  cause  death 
merely  by  Syncope, — preceded  by  feebleness  and  often  ir- 
regularity of  pulse,  by  coldness,  tremors,  and  failure  of 
muscular  power,  and  often  by  rigors,  nausea,  and  vomit- 
ing, or  by  convulsions,  as  happens  in  many  other  cases  of 
syncope.  The  unequivocal  indications  of  this  kind  of 
death  are,  that  the  respiration  continues  as  long  as  the  ac- 
tion of  the  heart;  and  that  the  heart  is  therefore  found,  im- 
mediately after  death,  motionless,  unexcitable  by  stimuli, 
and  filled  with  venous  blood  on  the  right  side,  and  arterial 
on  the  left,  as  in  a  living  animal.  It  was  thus  that  in  the 
experiments  of  Mr  Brodie,  death  was  produced  by  the 
upas  antiar,  and  by  the  infusion  of  tobacco;  and  the  fatal 
effect  of  full  doses  of  hydrocyanic  acid,  digitalis,  strychnia, 
oxalic  acid,  arsenic,  preparations  of  antimony,  and  of  ba- 
ryta, various  animal  poisons,  &c.,  appears  to  be  of  the 
same  kind,  although  these  poisons  have  a  more  complex 
operation,  and  affect  a  greater  variety  of  organs. 

c.  There  are  some  vegetable,  and  many  mineral  poisons, 
whicb  excite  Inflammation,  chiefly  in  the  mucous  mem- 
brane of  the  primae  vise,  but  in  some  instances  in  other 
parts ;  and  the  symptoms  of  these  inflammations  (although 
rarely  the  sole  effect  of  the  poisons)  blend  themselves  with 
those  which  proceed  from  the  direct  agency  of  the  poisons 
on  the  nervous  or  vascular  system,  and  in  some  instances 
the  inflammation  excited  causes  death,  in  modes  to  be  after- 
wards considered.  It  is  thus  that  many  metallic,  and  some 
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saline  and  earthy  substances,  and  the  different  vegetable 
and  animal  earths,  are  dangerous  or  fatal. 

d.  In  some  cases,  the  effects  of  poisons  introduced  into 
the  system  take  place  slowly,  and  last  much  longer,  and 
are  usually  regarded  simply  as  diseases,  sometimes  not  to 
be  distinguished  from  diseases  which  may  be  excited  by 
other  means,  and  implying  a  similar  danger ;  as  when  ar-, 
senic  produces  epilepsy,  lead  colic  and  palsy,  when  the 
ergot  of  rye  causes  a  peculiar  kind  of  inflammation  of 
the  limbs,  ending  in  dry  gangrene,  or  different  kinds  of  ve- 
getables or  fish,  urticaria. 

The  Gases  which  act  as  poisons  illustrate  sufficiently 
these  different  modes  of  action  ;  chlorine,  or  nitric  or  mu- 
riatic acid  gases,  producing  bronchial  inflammation ;  cai- 
bonic  acid,  or  pure  oxygen,  acting  as  a  narcotic ;  and  air  it- 
self, if  introduced  into  the  blood  in  any  quantity,  suspend- 
ing the  circulation,  by  the  very  peculiar  manner  in  which 
it  affects,  and  quickly  stops,  the  actions  of  the  heart. 

But  although  these  different  kinds  of  injurious  or  fatal 
action  of  poisons  may  be  clearly  distinguished,  yet  it  is  im- 
possible to  classify  poisons  strictly  by  their  mode  of  action, 
because  it  is  certain  that  the  agency  of  almost  all  poisons 
is  complex  ;  and  that  according  to  varieties  of  the  dose,  or 
mode  of  preparation,  th«  same  poison,  on  different  occa- 
sions, may  cause  death  in  different  ways,  oxalic  acid, 
e.  g.  in  full  doses,  acting  directly  on  the  heart,  but  in 
smaller  doses  chiefly  on  the  nervous  system  ;  the  essential 
oil  of  tobacco  acting  strictly  as  a  narcotic,  while  the  infu- 
sion of  the  leaves  affects  the  system  chiefly  by  its  powerful 
sedative  effect  on  the  heart ;  and  arsenic,  when  taken  in 
large  quantity,  producing  its  fatal  effect  on  the  heart,  be- 
fore there  is  time  for  the  inflammation  to  be  established, 
which  constitutes  the  chief  danger  to  be  apprehended  from 
smaller  doses  of  the  same  poison. 

These  statements  are  sufficient  to  illustrate  the  various 
intentions  with  which  our  scientific  knowledge  of  the  ac- 
tion of  poisons  demands  that  remedies  should 4)c  applied  to 
that  action.  ^ 
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VI.  In  regard  to  the  effects  of  dangerous  or  fatal  Hcemor- 
rhage  in  the  living  body,  the  following  seem  the  most  im- 
portant facts. 

1.  When  the  hsemorrhagc  ia  very  gradual,  all  the  indica- 
tions of  failure  of  the  circulation  may  come  on, — the  feeble- 
ness of  muscular  action, — the  paleness  and  collapse  of  the 
countenance, — the  coldness  beginning  at  the  extremities, 
— the  cold  sweat  beginning  on  the  face, — and  the  pulse  may 
become  imperceptible ;  without  the  senses,  or  the  intellect, 
being  impaired,  and  a  slightly  laborious  or  heaving  respi- 
I'ation  may  be  almost  the  only  indication  of  injury  of  the 
nervous  system  up  to  the  moment  of  death.  Such  perfect 
endurance  of  the  functions  of  the  nervous  system,  atteiftl- 
ing  irretrievable  depression  of  the  powers  of  the  circula- 
tion, is  still  more  remarkably  seen  in  some  fatal  disea.ses, 
where  the  heart's  powers  are  depressed  sympathetically  in 
consequence  of  disease  of  other  parts,  than  in  cases  of  hae- 
morrhage where  the  vital  stimulus  is  gradually  withdrawn. 

2.  A  more  sudden  and  violent  hajmorrhage  affects  the 
nervous  system  much  more  speedily,  just  as  we  have  al- 
ready seen,  than  any  other  means  of  suddenly  diminishing 
the  pressure,  to  which  the  brain  had  been  subjected,  does ; 
— and  the  impression  thus  made  in  the  brain  reacts  on  the 
heart  after  the  manner  of  a  concussion,  and  causes  its  action 
to  fail  much  sooner  than  it  would  have  done,  merely  by  rea- 
son of  the  loss  of  blood.  It  is  only  in  this  way  that  we  can 
explain  the  fact,  that  in  bleeding  from  a  large  orifice,  and  in 
the  erect  posture,  not  only  sensation,  and  the  other  functions 
of  the  brain  are  sooner  syspended,  but  the  heart's  oum  actions 
fail,  with  much  less  loss  of  blood  than  when  the  orifice  is 
smaller,  and  the  patient  lies  horizontally,  so  that  the  diminu- 
tion of  the  pressure  on  the  brain  is  less,  and  more  gradual. 

In  this  manner  death  may  be  produced,  certainly  in 
much  less  time,  and  probably  with  less  loss  of  blood,  than 
by  a  more  gradual  haemorrhage ;  and  in  such  a  case,  the 
greater  affection  of  the  nervous  system  is  shewn,  some- 
times by  transient  delirium,  often  by  nausea  and  vomiting, 
and  very  generally  by  insensibility,  and  by  more  or  loss  of 
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spasms  or  convulsion,  often  repeatedly  occurring  before 
death.  These  two  distinct  varieties  of  the  violent  death  by 
syncope,  are  important  to  be  remembered  in  speculations 
on  the  fatal  tendency  of  several  diseases. 

3.  The  loss  of  blood,  especially  if  frequently  repeated, 
lias,  on  many  constitutions,  especially  in  women  and  chil- 
dren, a  subsequent  effect,  which  could  not  have  been  antici- 
pated a  priori,  of  increasing  the  excitability  of  the  vascular 
system  (whether  by  reason  of  the  impression  made  on  the 
nervous  system  or  not  is  doubtful),  and  so  leading  to  a  state 
of  the  system  described  as  Reaction  after  the  loss  of  blood, 
or  as  Prostration  with  Excitement ;  in  whicli,  especially  if 
any  cause  of  febrile  excitement  at  the  same  time  exist, 
there  is  a  fallacious  degree  of  strength  and  frequency  of 
the  heart's  action,  when  the  other  vital  actions  are  feebly 
performed,  and  farther  evacuation  is  dangerous  *. 

The  transfusion  of  healthy  blood,  of  the  same  species  of 
animal,  into  the  bloodvessels,  may  be  effectual  in  arresting 
the  fatal  eflFect  of  haimorrhage,  not  only  when  the  power  of 
the  heart  is  rapidly  sinking,  but  even  after  the  heiart's  ac- 
tions have  come  to  a  stand  from  this  cause,  but  probably  only 
within  a  few  seconds  after  that  time  -f*. 

VII.  It  was  already  stated,  that  in  the  case  of  death  by 
Fasting,  more  or  less  of  inflammation  of  mucous  membranes 
is  excited,  apparently  by  reason  of  the  deficiency  of  the  na- 
tural protecting  mucus  ;  and  probably  in  connexion  with  this 
inflammation  a  febrile  action  is  established,  which  rendei's 
the  case  more  complex  than  it  wouM  have  been,  if  all  the 
symptoms  had  depended  simply  on  the  gradually  diminish- 
ing quantity  of  blood.  Nevertheless,  gradually  increasing  de- 
bility of  the  circulation,  and  of  all  functions  dependent  there- 
on, and  consequent  extreme  emaciation,  characterize  this 
mode  of  death.    Ultimately  even  the  function  of  absorp- 

•  See  Burn's  Principles  of  Midwifery,  p  243.  Armsthong  on  Typhus, 
&c.  p.  540.  PAniiY  on  the  Arterial  Pulse,  Exp.  2?.  Maiisiiai.l  Hall 
on  the  Effects  of  Los3  of  Blood,  p.  28.  Travehs  on  Constitutional  Irri- 
tation, p.  501. 

t  See  Blukdell,  Researches,  &c. 
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tion  is  nearly  suspended.  The  appearances  after  death  for- 
merly noticed  *,  observed  in  a  body  free  from  other  marks 
of  disease,  are  nearly  characteristic  of  this  cause  of  death. 

The  duration  of  life  in  such  cases  is  very  various,  as 
might  naturally  be  expected,  when  it  is  remembered,  1. 
That  a  degree  of  febrile  action  is  excited,  the  intensity  of 
which  will  necessarily  be  very  different  in  different  consti- 
tutions ;  and,  2.  That  different  living  bodies  are  habitually 
dependent  in  very  different  degrees  on  the  alternate  vital 
actions  of  nutrition  and  absorption  :  Accordingly,  in  gene- 
ral, fasting  is  best  borne  by  those  in  wliom  these  vital  ac- 
tions have  been  long  languid;  and  in  some  such  cases  it 
has  certainly  been  borne  for  a  period  many  times  as  long 
as  that  which  has  been  fatal  in  others. 

VIII.  After  what  was  formerly  stated,  it  is  unnecessary  to 
enlarge  on  the  phenomena  of  death  by  asphyxia,  or  begin- 
ning at  the  lungs,  whether  by  sti'angulation,  suffocation, 
drowning,  confinement  in  a  gas  that  is  not  poisonous,  but 
contains  no  oxygen,  exposure  of  the  surface  of  the  lungs  to 
the  atmosphere,  pressure  on  their  surface,  occlusion  of  their 
cells,  or  any  other  mode  of  obstructing  the  access  of  air  to 
the  blood  of  the  pulmonary  artery,  wliile  the  other  organs 
essential  to  life  are  uninjured.    In  all  these  cases  there  is 
a  hurried  and  laborious  action  of  the  muscles  of  respira- 
tion, and  more  or  less  of  lividity ;  then  insensibility  with 
spasms,  believed  to  depend  on  the  contact  of  venous  blood, 
which  has  passed  unchanged  through  the  lungs,  with  the 
brain  and  nerves ;  the  respiratory  efforts  become  irregu- 
lar and  then  cease  ;  and  on  examination  immediately  after 
this,  the  heart  is  found  still  contractile,  but  its  left  side 
nearly  empty,  and  the  blood  accumulated  on  its  right  side 
and  in  the  lungs ;  implying,  that  although  some  blood  is 
transmitted  unchanged  to  the  left  side  of  the  heart,  and 
thence  sent  over  the  body,  yet  it  makes  its  way  slowly  and 
imperfectly  through  the  capillaries  of  the  lungs,  and  at 
length  stagn.itcs  tl  icre,  when  it  is  not  arterialized. 

*  Physiologj-,  p.  178. 
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This  accumulation  on  the  right  side  of  the  heart  is  espe- 
cially observed,  when  death  is  produced  most  slowly  in  this 
way,  because  then  there  is  time  for  much  of  the  blood  from 
the  body  at  large  to  reach  the  heart,  before  the  final  stop 
to  its  passage  through  the  lungs. 

It  is  important  to  remember  the  occurrence  of  insensibi- 
lity, and  often  of  .spasms,  before  the  circulation  comes  to  a 
stand,  or  is  even  very  much  weakened,  as  illustrating  what 
happens  in  many  diseases  affecting  the  functions  of  the 
lungs. 

It  is  important  to  remember  also,  that  the  circulation 
comes  to  a  stand  before  the  heart  has  lost  its  power,  as  this 
is  the  foundation  for  the  practice  by  which  resuscitation 
from  apparent  death  of  this  kind  has  often  been  accom- 
plished, even  some  minutes  after  pulsation  has  ceased.  Of 
that  practice,  notwithstanding  some  difficulties  that  have 
been  started  on  the  subject,  it  may  still  be  maintained  that 
the  artificial  respiration  is  the  most  essential  part. 

It  may  easily  be  believed,  from  what  has  been  stated, 
that  after  such  resuscitation,  distress,  and  even  danger, 
may  result  from  the  congested  state  of  the  lungs,  and  there- 
fore that  bloodletting  may  be  useful  in  such  cases,  even  be- 
fore the  circulation  and  animal  heat  are  effectually  restored 
in  the  extremities. 

The  tendency  to  a  fatal  termination  in  different  diseases, 
and  in  different  stages  or  circumstances  of  the  same,  is  very 
different,  and  often  complex ;  but  is  always  susceptible  of 
illustration  by  reference  to  the  simpler  cases  of  violent  death 
now  considered.  And  it  is  of  especial  importance  to  keep 
in  mind  these  different  modes  of  fatal  termination  in  those 
diseases  (such  as  fever)  which  admit  of  the  greatest  variety, 
in  which  different  dangers  threaten  on  different  occasions, 
and  in  which  various  kinds  of  treatment  are  recommended; 
because  it  is  only  by  anticipating  the  kind  of  fatal  termi- 
nation whicli  is  most  probable  in  each  case,  that  we  can  ex- 
pect to  be  guided  to  a  rational  and  scientific  selection  of 
remedies. 
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CHAPTER  III. 

OF  THE  IlEMOTE  CAUSES  OF  DISEASE  IN  GENERAL. 

The  living  body  assumes,  in  many  cases,  different  kinds 
of  diseased  action, — varying  remarkably  in  different  periods 
of  life, — without  any  apparent  or  known  cause;  but  in  the 
greater  number  of  cases,  certain  circumstances  in  the  situa- 
tion or  condition  of  patients,  before  diseases  appear,  can 
be  assigned  with  confidence  as  their  causes.  The  efficacy 
of  these,  however,  is  seldom  established  in  any  other  way 
than  simply  by  the  observation,  that  persons  known  to  be 
exposed  to  their  influence,  become  afflicted  with  certain 
diseases  in  a  proportion  very  much  greater  than  those  who 
are  not  known  to  be  so  exposed. 

This  kind  of  evidence  is  in  many  cases  very  liable  to 
fallacy,  in  consequence  of  the  great  variety  of  tlie  circum- 
stances, capable  of  affecting  health,  in  which  individuals 
are  placed,  and  of  the  difficulty  of  varying  these,  so  as  to 
obtain  such  observations,  in  the  way  of  induction,  or  exclu- 
sion, as  shall  be  decisive  as  to  the  efficacy  of  each.  Hence 
the  importance  of  the  observations,  intended  to  illustrate 
this  matter,  being  as  extensively  multiplied  as  possible ;  and 
hence  also  the  peculiar  value,  with  a  view  to  the  investi- 
gation of  the  causes  of  diseases,  of  observations  made  on 
large  and  organized  bodies  of  men,  as  in  the  experience  of 
military  and  naval  practitioners.  All  the  cii'cumstances  of 
the  whole  number  of  men,  whose  diseases  are  there  observed, 
are  in  many  respects  exactly  alike;  they  are  accurately 
known  to  the  observer,  and  are  indeed  often  to  a  certaui 
degree  at  his  disposal ;  they  are  often  suddenly  changed, 
and  when  changed  as  to  one  portion  of  the  individuals 
under  observation,  they  are  often  unchanged  as  to  another; 
and  therefore,  the  conditions  necessary  to  obtaining  an 
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experimentum  cruets  as  to  the  efficacy  of  an  alleged  cause 
of  disease,  are  more  frequently  in  the  power  of  such  an  ob- 
server, than  of  one  who  is  conversant  only  with  civil  life. 

But  when  the  necessary  precautions,  as  to  the  multipli- 
cation of  facts,  and  the  exclusion  of  circumstances  foreign 
to  the  desired  result,  are  observed,  the  efficacy  of  the  remote 
causes  of  disease  may  often  be  determined  with  absolute 
certainty;  and  the  knowledge  thus  acquired,  as  leading 
directly  to  the  prevention  of  disease,  is  often  of  the  greatest 
importance,  especially  with  a  view  to  regulations  of  Medi- 
cal Police.  And  if  the  human  race  be  destined,  in  future 
ages,  to  possess  greater  wisdom  and  happiness  in  this  state 
of  existence  than  at  present,  the  value  of  this  knowledge 
may  be  expected  to  increase  in  the  progress  of  time ;  be- 
caiise  there  are  many  diseases  which  the  experience  of  all 
ages  has  shown  to  be  nearly  beyond  the  power  of  medicine, 
but  the  causes  of  which  are  kno^vn,  and  under  certain  cir- 
cumstances may  be  avoided ;  and  the  conditions  neces- 
sary for  avoiding  them  are  in  a  gi'eat  measure  in  the  power 
of  communities,  though  beyond  the  power  of  many  of  the 
individuals  composing  these. 

Under  the  head  of  Remote  Causes  of  Disease,  we  include 
not  only  causes  acting  externally  to  the  body,  but  also  cir- 
cumstances in  the  condition  of  the  body  itself,  previous  to 
the  attack  of  disease  in  question,  which  are  believed  to  assist 
in  exciting  it ;  and  of  the  mode  of  operation  of  these  last,  we 
have  often  more  satisfactory  information  than  of  external 
causes.  Some  general  observations  on  this  subject  will  put 
it  in  a  clearer  point  of  view,  than  more  detached  and  inci- 
dental statements  in  delivering  the  history  of  diseases  would 
do,  and  will  save  repetition  in  future. 

Tlie  Remote  causes  of  disease  are  commonly  divided 
into  Predisponent  and  Exciting,  the  former  of  which  have 
been  long  in  operation  before  the  disease  appears,  the  latter 
immediately  precede  its  appearance  ;  it  is  impossible  to  dis- 
tinguish them  accurately  in  all  cases  ;  but  nevertheless, 
this  distinction,  and  especially  the  very  frequent  concur- 
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rence  of  causes  of  both  kinds  in  producing  disease,  must  be 
carefully  kept  in  mind. 

In  illustration  of  this,  it  may  be  stated,  that  the  heredi- 
tary nature  of  certain  diseases  [i.  e.  the  peculiar  tendency 
to  them  given  by  hereditary  descent)  is  well  ascertained  ; 
but  some  occasional  external  cause  very  generally  excites 
the  disease,  to  which  there  is  this  predisposition  ;  and  those 
who  attend  only  to  the  obvious  operation  of  the  exciting 
cause,  are  apt  in  this  and  other  instances  to  overlook  the 
evidence  by  which  the  efficacy  of  the  predisponent  is  esta- 
blished. 

Again,  unless  we  attend  to  the  very  frequent  concurrence 
of  different  causes  in  producing  disease,  we  may  readily 
misapprehend  the  evidence  of  the  efficacy  of  a  powerful 
exciting  cause,  as  cold,  contagion,  or  malaria,  if  we  shall 
see  it  repeatedly  applied  to  persons  not  predisposed  to  suf- 
fer from  its  effects,  and  taking  effect  only  on  those  in  whom 
its  operation  is  aided  by  some  latent  predisposition,  or  some 
concurrent  and  accessary  cause.  Both  these  errors  have 
very  often  occurred  in  medical  inquiries  as  to  the  remote 
causes  of  disease. 

I.  The  following  may  be  stated  as  the  chief  predisponent 
causes  of  disease,  that  is,  the  circumstances  to  which  we  can 
in  general  refer  the  tendency  observed  in  certain  indi^dduals, 
more  than  in  others,  to  fall  into  disease  on  the  application 
of  the  exciting  causes,  to  be  afterwards  enumerated. 

1.  The  transmission  of  the  tendency  to  certain  diseases 
from  parents  to  children,  has  been  already  remarked  as  part 
of  the  general  fact  of  the  influence  of  the  constitutional  pecu- 
liarities of  parents  on  their  offspi-ing  *.  But  it  is  only  to 
certain  kinds  of  diseased  action  that  this  predisjiositionfrom 
liereditary  constitution  has  been  obserA'^ed ;  these  are,  cer- 
tain well-marked  varieties  of  inflammation,  termed  the 
Scrofulous  and  the  Gouty, — certain  kinds  of  morbid  forma- 
tions, especially  the  scrofulous  tubercles, — and  certain  forms 

•  Physiology,  p.  307. 
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of  diseases  of  the  Nervous  System,  Asthma,  Epilepsy,  and 
Mania.  Of  these,  the  scrofulous  affections  only  are  in  a 
few  instances  congenital,  as  well  as  hereditary;  and  the  ap- 
pearance of  the  others  is  frequently  determined  more  by 
the  application,  and  often  the  concurrence,  of  other  causes, 
than  by  the  circumstance  of  hereditary  predisposition  in 
those  who  possess  it. 

2.  There  are  many  causes  very  often  observed  to  pre- 
dispose to  disease,  which  may  be  ranked  together,  as  their 
obvious  effect  on  the  system  is  very  much  alike.  They 
tend,  whether  acting  singly  or  several  in  conjunction,  to 
enfeeble  the  vascular  action  in  the  body,  and  perhaps  especial- 
ly that  in  the  extreme  capillaries ;  and  at  the  same  time, 
they  render  the  nervous  system  more  susceptible  of  impressions 
from  without.    They  thus  dispose  the  body  to  suffer,  and 
especially  the  vascular  action  to  become  disordered,  frdm 
the  application  of  exciting  causes,  either  of  acute  or  chronic 
disease,  which  might  be  otherwise  innoxious.    But  it  does 
not  appear  that  any  of  these  predisposing  causes  of  them- 
selves determine  either  the  kind  or  the  seat  of  the  diseased 
action  which  is  to  ensue : — they  are  often  observed  to  pre- 
cede, and  believed  to  assist  in  producing,  very  different 
kinds  of  diseased  action,  which  may  be  seated  in  different 
textures  or  organs,  according  to  the  original  or  acquired 
peculiarities  of  individual  constitutions. 

Of  this  kind  are, 

(a.)  Imperfect  nourishment. 

{b.)  Deficiency  of  the  natural  stimuli  of  pure  air,  and  of 
muscular  exercise. 

(c.)  Excessive  exertion,  mental  or  bodily,  and  deficiency 
of  the  natural  relaxation  of  sleep. 

(t/.)  Long-continued  heat,  with  little  of  the  refreshing  and 
invigorating  influence  of  occasional  reduction  of  tempera- 
ture. 

(c.)  Long-continued  cold,  not  sufficiently  counteracted  by 
artificial  warmth,  and  by  muscular  exertion. 

(/)  Intemperance,  i.  e.  the  frequent  use  of  strong  liquors, 
in  such  quantity,  that  their  first  or  exciting  effect  on  vital 
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action,  is  more  than  counterbalanced  by  their  more  perma- 
nent depressing  effect. 

{g.)  Excessive  and  repeated  evacuations,  either  of  blood, 
or  of  the  serous  part  of  the  blood. 

(/^.)  Depressing  passions  of  mind,  especially  those  which 
are  of  the  longest  continuance. 

{i.)  Previous  debilitating  disease,  whether  acute  or 
chi'onic. 

Ample  experience,  not  only  of  what  occurs  v»'ithin  the 
observation  of  individuals,  but  more  especially  that  which 
is  afforded  by  statistical  returns  of  the  amount  of  disease 
and  mortality  in  great  towns,  and  chiefly  in  the  worst  aired 
parts  of  towns,  as  compared  with  agricultural  districts ; — in 
seasons  of  scarcity  as  compared  with  seasons  of  plenty; — 
among  the  most  indigent  classes  of  society,  as  compared 
with  those  in  comfortable  circumstances ; — among  the  poor- 
est inhabitants  of  hot  or  A'ery  cold  climates,  in  circumstances 
where  pei'sons  who  have  been  more  habitually  protected 
from  the  extremes  of  tempei'ature  retain  their  health  ; — 
among  the  intemperate  as  compared  with  the  sober; — in 
beaten  armies,  or  among  depressed  and  disheartened  indi- 
viduals, as  compared  with  victorious  armies,  or  more  for- 
tunate and  flourishing  members  of  society, — establishes  be- 
yond all  doubt  the  efficacy  of  these  various  debilitating 
causes  in  augmenting  the  amount  and  fatality  of  disease. 

Some  of  tlie  causes  above  enumerated  peculiarly  affect 
particular  organs, — as  heat  the  liver,  and  mucous  membrane 
of  the  bowels,  excessive  mental  exertion  the  brain,  violent 
mental  emotion  the  heart,  &c. — and  dispose  them  perhaps 
more  than  other  parts  to  suffer  from  the  application  of  ex- 
citing causes  of  disease.  Others  of  the  causes  in  question 
Jiave  a  peculiar  tendency  to  produce  certain  kinds  of  in- 
flammation, as  the  air  of  low,  damp,  and  crowded  habita- 
tions, to  determine  the  scrofulous  form  of  inflammation. 

But  there  is  no  one  organ  or  texture  which  is  uniformly 
affected,  nor  any  one  kind  of  diseased  action  which  is  uni- 
formly excited,  by  any  of  these  causes.  Their  general  ef- 
fect is,  to  dispose  the  body  to  suffer  from  the  application  of 
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the  exciting  causes  of  inflammation,  or  of  other  acute  dis- 
eases ;  and  farther,  especially  when  they  are  long  applied, 
to  dispose  the  hody  to  those  kinds  of  chronic  disease  which 
consist  essentially  in  the  deposition  from  the  bloodvessels,  in 
dilFerent  parts  of  the  system,  of  morbid  matters,  which  bear 
more  or  less  resemblance  to  the  products  of  inflammation. 

3.  Again,  there  are  certain  diseases  to  which  a  tendency 
seems  evidently  to  be  given  by  a  state  of  general  Plethora, 
depending  on  full  living  and  deficiency  of  regular  exercise. 
This  is  perhaps  more  strictly  true  of  Gout  than  of  any  other 
inflammatory  disease,  and  of  Apoplexy,  than  of  any  other 
disease  unconnected  with  inflammation.  There  are  others 
which,  if  not  necessarily  connected  with  general  plethora, 
are  evidently  in  a  great  measure  dependent  on  partial 
plethora,  i.  e.  increased  flow  of  blood  to,  or  retarded  re- 
turn from,  individual  parts  of  the  body ;  either  occurring 
before  they  first  shew  themselves,  or  manifestly  facilita- 
ting their  recurrence.  Thus  all  secreting  parts,  at  a  time 
when  their  secretions  are  peculiarly  abundant,  are  un- 
usually apt  to  have  disease  excited  in  them.  Indeed  it  is 
by  producing  a  state  of  partial  plethora  that  several  causes 
already  mentioned,  and  others  to  be  mentioned  imme- 
diately, as  predisposing  to  diseases  of  individual  organs, 
seem  evidently  to  produce  that  eff'ect, 

A  state  of  partial  plethora,  although  it  may  be  combined 
with  a  weak  state  of  vascular  action  over  the  body,  can 
seldom  be  eff'cctually  obviated  without  such  evacuations  and 
low  diet  as  may  reduce  and  keep  down  the  whole  quantity 
of  blood  in  the  system. 

Those  whose  knowledge  of  diseases  is  chiefly  taken  from 
examinations  after  death,  as  they  generally  find  suflicient 
lesions  of  individual  organs  to  cx])lain  the  symptoms  and 
event,  see  little  of  the  evidence  which  establishes  the  im- 
portance of  general  and  local  plethora  as  a  cause  of  disease  ; 
but  those  who  are  accustomed  to  trace  the  whole  progress 
of  individual  cases,  and  observe  the  cfl'ccts  of  remedies  and 
regimen  on  them,  have  ample  grounds  for  the  belief  that 
l)1ethora,  general  and  partial,  is  one  of  the  most  frequent, 
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and  ofteti  the  most  remediable,  of  the  causes  to  wliich  at- 
tacks, and  still  more  frequently  recurrences,  of  various  lo- 
cal diseases,  whether  inflammatory,  hajmorrhagic,  or  more 
chronic,  may  he  traced. 

4.  A  frequent  predisposing  cause  of  local  disease,  which 
may  be  said  to  act  by  causing  or  facilitating  partial  ple- 
thora, is  Previous  Disease,  and  especially  previous  inflam- 
mation of  the  same  organ,  even  although  it  may  have  been 
at  some  distance  of  time,  and  may  have  left  no  organic  le- 
sion. There  is  a  similar  tendency  in  diseases  primarily 
seated  in  the  nervous  system,  to  facilitate  their  own  recur- 
rence. This  is  one  of  the  circumstances  by  which  the  seat 
of  the  diseased  action,  that  may  be  caused  by  any  accidental 
excitement,  is  most  frequently  determined. 

5.  Organic  disease  already  existing  in  the  body,  althougli 
in  an  inert  state,  and  causing  little  uneasiness,  very  often 
acts  as  an  important  predisposing  cause  of  other  diseases, 
which  might  otherwise  have  been  avoided;  and  that  in  three 
distinct  ways. 

Fhst,  The  existence  of  organic  disease,  probably  by  rea- 
son of  the  quantity  of  blood  directed  upon  it,  and  the  con- 
sequent deficiency  of  the  supply  of  blood  to  other  parts  of 
the  body,  appears  frequently  to  dispose  the  whole  system,  in 
like  manner  as  other  debilitating  causes,  to  suff'er  from  the 
application  of  cold,  contagion,  or  other  causes  of  acute  dis- 
ease, more  readily  than  it  otherwise  might  have  done.  It 
is  probably  on  the  same  principle  that  pregnancy  and  lac- 
tation render  the  body  peculiarly  liable  to  the  acute  dis- 
eases resulting  from  such  causes.  But  it  does  not  appear 
that  this  is  true  of  all  organic  diseases ;  and  especially  those 
which  are  attended  with  a  continual  febrile  or  excited  state 
of  the  circulation  {i.  e.  Phthisis),  appear  rather  to  fortify 
the  body  against  the  attacks,  at  least  of  contagious  diseases, 
than  to  predispose  to  them. 

Secondly,  Organic  diseases  already  existing  in  the  body, 
by  confining  the  circulation  in  the  parts  that  arc  still 
healthy,  and  often  by  obstructing  the  circulation,  first  in 
their  own  neighbourhood,  and  afterwards  in  more  distant 
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parts,  naturally  and  materially  favour  local  congestions  of 
blood ;  thereby  disordering  the  functions  of  parts  not  them- 
selves organically  diseased,  and  frequently  leading  either 
to  inflammations,  serous  eifusions,  or  fresh  solid  deposits 
from  the  blood,  according  to  the  texture  and  vital  proper- 
ties of  the  organs  where  this  local  plethora  is  established ; 
in  the  production  or  renewal  of  all  which  affections,  how- 
ever, external  exciting  causes  may  very  often  be  observed 
to  operate. 

Thirdly,  Certain  kinds  of  organic  disease  (such,  e.  g.  as 
scrofulous  tubercles),  already  existing  in  the  body,  give  a 
peculiar  tendency  to  the  reproduction  of  the  same  kind  of 
morbid  texture  in  any  part  of  the  body,  where  disease  may 
be  excited ;  the  cause  of  which  tendency  will  be  afterwards 
discussed. 

II.  It  is  especially  on  those  who  are  predisposed  to  die- 
ease,  either  generally  or  more  partially,  in  some  of  the 
ways  now  mentioned,  that  the  different  Exciting  Causes  of 
disease  act  with  full  effect. 

There  are  many  cases,  however,  in  which  diseases  are 
gradually  formed  in  the  human  body,  under  the  influence 
of  the  predisposing  causes  above  stated,  without  any  excit- 
ing cause  being  observed  to  operate.  And  there  is  hardly 
any  exciting  cause  of  disease  that  acts  with  uniformity  or 
absolute  certainty,  even  on  constitutions  apparently  predis- 
posed. 

There  is  obviously  an  essential  distinction  between  those 
exciting  causes  of  disease  which  consist  in  the  application, 
under  peculiar  circumstances,  to  the  human  body,  of  agents 
to  which  it  is  often  and  necessarily  exposed,  in  all  parts  of 
the  world,  and  those  which  result  from  the  application  of 
peculiar  poisons,  of  local  and  temporary  existence  only. 
And  it  is  of  the  more  importance  to  attend  to  this,  because 
there  is  an  equally  important  distinction  as  to  the  kinds 
of  diseased  action  which  are  found  to  be  excited  in  the 
body  by  causes  of  these  different  kinds. 

i.  The  following  arc  the  chief  agents  referable  to  the  first 
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of  these  heads,  which  are  found  to  act  as  exciting  causes  of 
disease. 

a.  Mechanical  Injury,  or  chemical  irritation,  which,  in 
a  certain  degree  of  intensity,  infallibly  excite  inflamma- 
tion, and  when  acting  in  co-operation  with  some  of  the 
predisposing  causes  above  stated,  excite  either  inflamma- 
tion of  a  peculiar  character,  such  as  the  gouty  or  the  scro- 
fulous ;  or  else,  if  their  application  be  long  continued,  some 
kind  of  chronic  organic  disease. 

h.  Muscular  Exertion,  hurrying  the  movement  of  the 
blood,  and  often  more  particularly  disordering  it,  by  rea- 
son of  such  efforts  of  straining,  affecting  the  respiratory  mo- 
tions, as  impede  the  return  of  the  venous  blood,  especial- 
ly from  the  head,  and  so  favour  local  plethora. 

c.  Mental  Emotion,  or  acute  Sensation,  sometimes  sud- 
denly affecting  the  actions  of  the  heart,  sometimes  augment- 
ing the  flow  of  blood  to  the  head,  and  sometimes  more  gra- 
dually modifying  secretions,  especially  those  of  the  alimen- 
tary canal. 

d.  Such  Excess,  or  intemperance  in  eating  or  drinking,  as 
may  either  injure  the  secretions  of  the  stomach  and  bowels, 
or  so  stimulate  the  circulation,  as  to  determine  local  conges- 
tions of  blood  in  any  part  that  may  be  predisposed  to  that 
state. 

e.  The  sudden  Suppression  of  accustomed  evacuations, 
tending  to  a  state  of  plethora,  which  will  especially  affect 
any  organ  that  may  be  predisposed. 

f.  Such  an  amount  of  Evacuation  from  the  body,  as  may 
suddenly  depress  the  heart's  action,  or  materially  influence 
the  functions  of  the  Nervous  System. 

g.  External  Heat,  in  such  a  degree,  as  either  to  irritate 
the  part  to  which  it  is  directly  applied,  or  to  impress  the 
nervous  system  violently,  or  to  stimulate  the  general  circu- 
lation and  favour  local  congestions. 

h.  External  Cold,  applied  in  such  circumstances  as  power- 
fully to  affect  the  Nervous  System,  or  to  disorder  the  cir- 
culation. 

In  regard  to  this  last,  which  is  the  most  frequent  and 
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powerful  of  this  kind  of  exciting  causes,  it  is  to  be  observ- 
ed, that  Cold  seldom  acts  as  more  than  a  predisposing  cause 
of  disease  on  the  external  parts  directly  exposed  to  it ;  any- 
diseased  action  which  these  parts  assume  being  in  general 
directly  excited  by  the  subsequent  restoration  of  tempera- 
ture. It  is  in  internal  parts,  the  temperature  of  which  is 
probably  hardly  affecfced,  that  cold  is  most  apt  directly  to 
excite  disease. 

The  Sensation  of  cold  which  is  excited  appears,  accord- 
ing to  principles  formerly  laid  down,  to  be  the  connecting 
link  between  the  cause  applied  externally,  and  the  morbid 
action  excited  in  the  interior  of  the  body ;  and  the  more 
acute,  and  more  lasting,  that  this  sensation  is,  the  more 
powerful  will  be  the  effects  resulting  from  it. 

To  this  simple  principle  we  can  refer  many  facts,  which 
are  important  to  be  known,  as  to  the  agency  of  Cold  in  ex- 
citing disease. 

It  has  been  already  observed,  that  the  degree  of  effect  pro- 
duced on  Sensation,  or  on  other  vital  actions,  in  the  healthy 
state,  either  by  heat  or  cold,  is  obviously  proportioned,  not 
so  much  to  the  actual  temperature  that  is  applied,  as  to  the 
amount  and  rapidity  of  change  of  temperature,  effected  by 
its  application  ;  and  the  same  holds  of  the  morbific  effects 
of  these  agents.  Thus  the  natural  temperature  of  the  body, 
applied  suddenly  to  a  part  previously  long  chilled  by  frost, 
produces  just  the  same  local  effects,  as  the  temperature  of 
212°,  on  a  part  not  previously  cooled. 

In  like  manner,  the  effect  of  cold  in  producing  internal 
disease  is  increased  by  previously  heating  the  body,  and 
still  more  remarkably  by  all  the  other  circumstances  stated 
above  (p.  351)  as  weakening  the  circulation;  because,  when 
the  body  is  under  the  influence  of  these  causes,  the  lost 
heat  is  slowly  and  imperfectly  restored,  and  the  sensation 
heightened  and  prolonged.  It  is  greater,  for  the  same  rea- 
son, when  the  cold  is  applied  by  a  draft  or  current  of  air, 
or  by  wet  clothes,  which  rapidly  carry  off  the  heat  of  the 
body ;  and  it  is  gr'eater  when  the  cold  is  applied  to  the  ex- 
tremities, as  the  parts  where  the  circulation  is  most  languid. 
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It  is  probably  owing  chiefly  to  a  languid  state  of  the 
circulation  during  Sleep,  and  consequent  deficient  power  of 
generating  heat  on  the  surface  of  the  body,  increasing  and 
prolonging  the  sensation  of  cold  applied  at  that  time,  that 
the  system  is  then  peculiarly  apt  to  suffer  from  the  appli- 
cation of  cold. 

On  the  other  hand,  the  injurious  effect  of  cold  is  lessened 
or  prevented  by  such  a  vigorous  state  of  the  circulation  as 
counteracts  its  effect  on  the  temperature  of  the  surface,  or 
quickly  restores  the  temperature  that  is  lost, — thei'efore,  by 
exercise,  taken  after  the  cold  is  applied,  and  by  febrile  ex- 
citement of  the  circulation,  at  least  by  such  febrile  heat  as 
is  attended  with  full  strong  pulse  and  dry  skin ;  it  is  lessened 
remarkably  by  such  intense  occupation  of  mind,  as  limits 
the  intensity  and  duration  of  the  sensation  resulting  fi-om 
it ; ,  and  it  is  lessened  by  such  habitual  exposure  to  varia- 
tions of  temperature,  as  blunts  somewhat  the  sensibility  of 
the  surface,  and  excites  and  strengthens  the  capillary  cir- 
culation there,  according  to  principles  that  have  been  al- 
ready explained. 

2.  Of  those  exciting  causes  of  disease,  which  act,  often 
with  extreme  virulence,  and  on  great  numbers  of  the  hu- 
man race,  but  only  at  certain  times  and  at  certain  places, 
we  may  first  notice  those  which  are  ascertained  to  consist 
in  the  introduction,  by  the  primce  vice,  of  substances  acting 
as  poisons  on  the  system,  although  so  slowly,  that  their  ef- 
fects are  usually  ranked  among  diseases,  not  as  examples 
of  poisoning. 

Thus,  the.  symptoms  of  Scurvy,  depending  in  a  peculiar 
alteration  of  the  blood,  are  ascertained  to  proceed  from  the 
long-continued  use  of  innutritious,  and  especially  of  salted 
aliments ;  a  peculiar  form  of  external  inflammation,  tend- 
ing rapidly  to  Gangrene,  has  been  distinctly  traced  to  the 
use  of  wheat  or  rye  infected  with  the  parasitical  plant  call- 
ed the  Ergot ;  a  peculiar  variety  of  Colic,  and  such  an  altera- 
tion of  the  nutrition  of  muscles  as  produces  a  certain  form 
of  Palsy,  are  the  well  known  effects  of  the  poison  of  lead 
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slowly  introduced  into  the  body  ;  certain  varieties  of  in- 
flammation of  the  skin  are  produced  by  some  vegetables, 
and  by  some  species  of  fish,  acting  as  poisons ;  and  it  has 
lately  been  ascertained,  that  peculiar  affections,  which  have 
been  endemic  in  some  parts  of  Germany,  depend  on  some  of 
the  ingredients  used  in  making  cheese  and  sausages,  which 
are  thei'e  common  articles  of  diet. 

It  is  important  to  observe,  that  in  all  these  cases,  the 
efficacy  of  the  alleged  exciting  causes  is  ascertained,  not  by 
the  affection  of  all  who  are  exposed  to  them  (for  none  of 
them  act  with  unerring  certainty),  but  by  the  affection  of  a 
certain  number  only  of  those  persons,  and  by  the  immunity 
of  all  who  are  certainly  known  to  avoid  them. 

There  are  more  topical  diseases  known  to  be  endemic  in 
certain  localities  [i.  e.  to  prevail  pretty  uniformly  and  ex- 
clusively in  these),  which  are  also  generally  believed  to  de- 
pend on  certain  substances  taken  into  the  body,  and  ope- 
rating injuriously  on  certain  organs  or  textures,  although 
their  nature,  and  the  mode  of  their  introduction,  have  not 
yet  been  clearly  detected,  e.g.  the  Bronchocele,  in  some 
hilly  countries,  or  on  the  banks  of  certain  rivers,  the 
Cretinism  of  the  Alps,  the  Guinea-worm  of  some  parts  of 
Africa  and  India,  the  Elephantiasis  of  Egypt,  the  Pellagra 
of  Lombardy,  &c. 

Again,  there  are  other  diseases  of  much  gi'eater  import- 
ance, because,  at  certain  times,  much  more  generally  and 
fatally  prevalent,  which  we  ascribe  with  equal  confidence  to 
the  operation  of  certain  specific  poisons ;  although  these  ai-e 
imperceptible  to  our  senses,  and  known  to  us  only  by  their 
effects  on  the  human  body ;  and  although  the  mode  of  their 
introduction  into  the  body  (by  the  absorbent  surface  of  the 
lungs)  is  only  matter  of  presumption,  not  of  actual  obser- 
vation. 

These  are  the  diseases  which  prevail  epideniiccilly^  i.  e. 
in  certain  districts  or  countries,  and  at  certain  times  only, 
while  other  countries,  and  the  same  at  other  times,  are 
quite  free  from  them. 

The  mere  fact  of  a  disease  (clearly  distinguished  from 
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all  others)  being  absolutely  unknown  for  a  length  of  time, 
in  any  large  community,  and  prevailing  extensively  in 
another  in  a  similar  climate,  or  in  the  same  community 
at  another  time,  is  enough  to  show  that  it  has  a  local  and 
temporary  cause ;  and  that  all  reference  of  its  origin  to  such 
exciting  causes  only  as  were  treated  under  the  last  head 
(and  which  must  inevitably  be  applied  to  many  persons  in 
a  very  large  community,  even  within  a  limited  period  of 
time),  must  be  totally  unavailing. 

Such  a  disease  may  always  be  suspected  to  proceed  from 
a  Poison  somehow  introduced  into  the  body,  and  experience 
teaches  us,  that  the  origin  of  that  poison  is  generally  to  be 
looked  for,  either  in  certain  effluvia  arising  from  the  earth, 
or  in  exhalations  from  the  bodies  of  persons  previously  af- 
fected with  the  same  diseases,  i.  e.  that  these  diseases  usually 
arise  either  from  a  Malaria  or  a  Contagion. 

At  the  same  time,  it  must  be  allowed,  that  there  are  dis- 
eases which  occasionally  prevail  much  more  extensively 
than  usual,  and  take  nearly  the  form  of  epidemics,  but  do 
not  appear,  from  the  mode  of  their  extension,  either  to  be 
confined  to  limited  districts,  or  to  be  propagated  solely  or 
chiefly  by  contagion.  Of  this  we  haA'^e  examples,  in  certain 
seasons,  in  Erysipelas  and  in  Dysentery,  and  according  to 
the  opinion  of  many,  in  epidemic  Cliolera.  It  appears  well 
ascertained  that  all  these  shew  a  certain  degree  of  conta- 
gious property,  but  their  extension  does  not  appear  to  be 
exclusively  owing  to  this  property.  It  is  commonly  re- 
ferred to  the  rather  vague  principle  of  peculiar  constitu- 
tions of  the  atmosphere;  but  it  is  doubtful  whether  this 
term  be  correctly  applied. 

The  following  are  the  facts  observed  as  to  the  extension 
of  an  epidemic  disease,  which  lead  us  to  believe  that  it 
arises  from  a  Malaria,  or  emanation  from  certain  portions 
of  the  earth's  surface. 

1.  Such  a  disease  is  found  to  prevail  within  certain  limits 
only,  all  persons  who  avoid  these  localities  escaping  the  dis- 
ease, although  in  all  other  respects  similarly  circumstanced 
to  those  who  become  affected. 

2.  The  districts  infected  Avith  such  a  disease  arc,  in  some 
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respects  at  least,  similar  to  one  another,  in  the  different 
parts  of  the  world  where  they  are  found. 

3.  No  precautions  for  the  separation  of  the  sick  from  the 
healthy,  within  these  districts,  appear  to  have  any  effect  in 
limiting  the  extension  of  the  disease;  but  the  removal  of 
the  inhabitants,  both  sick  and  healthy,  to  other  districts, 
appears  obviously  to  arrest,  in  a  great  measure,  the  exten- 
sion of  the  disease  among  them;  and  is  unattended  with 
any  injury  to  the  health  of  those  with  whom  they  are  asso- 
ciated after  their  removal. 

It  is  by  facts  of  this  kind  that  we  are  assured,  that  some 
kind  of  subtile  matter  arising  from  cei'tain  parts  of  the 
earth's  surface,  especially  from  parts  of  it  on  which  water 
has  stagnated,  and  from  which  it  has  gradually  evaporated, 
is  the  cause  of  Intermitting  and  Remitting  Fevers ;  which 
vary  remarkably  in  different  seasons  and  climates,  and  at 
different  elevations  above  the  level  of  the  sea,  but  still  re- 
tain the  same  general  characters. 

Whether  the  putrefaction  of  animal  and  vegetable  matter 
is  a  condition  essential  to  the  generation  of  this  Malaria,  is 
much  more  doubtful ;  but  it  is  cei'tain  that  the  conditions 
which  are  essential,  belong  to  the  localities  which  are  thus 
affected,  not  to  their  inhabitants;  and  it  will  afterwards 
appear  that  the  laws  of  its  development  and  diffusion  are 
to  a  certain  degree  ascertained. 

Again,  the  following  facts,  when  carefully  observed,  as  to 
the  mode  of  extension  of  other  epidemic  diseases,  especially 
if  observed  about  the  time  of  their  commencement,  when 
they  are  not  yet  generally  diffused,  leave  no  room  for  doubt, 
that  they  propagate  themselves  by  Contagion,  or  in  conse- 
quence of  exhalations  or  secretions  from  the  bodies  of  persons 
already  affected  with  them,  being  somehow  introduced  into 
th«  bodies  of  those  who  become  affected  in  their  turn. 

1.  Successions  of  cases,  of  tiie  diseases  in  question,  are 
observed  within  narrow  limits,  both  of  space  and  time; 
fir-st  in  one  situation,  and  afterwards  in  others;  while 
other  districts,  similarly  circumstanced,  and  fully  inhabited, 
arc  wholly  unaffected. 
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2.  On  inquiring  into  the  circumstances  of  these  succes- 
sions of  cases,  we  find  them  in  various  situations,  not  con- 
fined to  one  description  of  locality,  and  in  situations  which 
vary  quite  irregularly  with  the  different  returns  of  the  dis- 
ease, instead  of  remaining  nearly  fixed,  as  is  the  case  in  re- 
gard to  malarious  districts. 

3.  There  is  very  frequently,  in  such  cases,  evidence  of 
importation  into  the  affected  districts,  i.  e,  the  first  patient 
in  the  succession  is  found  to  have  had  intercourse  with  per- 
sons who  have  had  the  same  disease,  or  recently  recovered 
from  the  same  disease  elsewhere; — either  directly, or  through 
the  intervention  of  substances,  to  which  exhalations  from 
sick  persons  may  easily  attach  themselves. 

4.  Within  the  district  where  the  disease  exists,  those 
persons  who  have  earliest  and  closest  intercourse  with  the 
siclf,  arc  observed  to  be  first  and  chiefly  affected. 

5.  Absolute  seclusion  from  all  intercourse  with  the  per- 
sons or  houses  affected,  produces  complete  immunity  to 
whole  families,  to  the  inmates  of  barracks,  schools,  work- 
houses or  hospitals,  even  in  the  midst  of  the  infected  districts. 

6.  When  the  sick  are  carefully  separated  from  the  heal- 
thy in  the  beginning  of  the  disease,  and  all  substances,  to 
which  exhalations  arriving  from  them  can  have  attached 
themselves,  are  purified,  the  extension  of  the  disease,  even 
within  the  infected  districts,  is  obviously  diminished,  or 
even  entirely  stopped. 

Observations  of  these  different  classes  are  so  many  dif- 
ferent ways  of  establishing  the  general  propositions, — 
1.  That  those  who  have  intercourse  with  the  sick,  are 
affected  with  one  of  these  diseases  in  a  proportion  very 
much  gi-eater  than  those  who  cannot  be  ascertained  to  have 
had  such  intercourse;  and,  2.  That  no  other  common 
circumstance,  but  that  of  intercourse  with  the  sick,  can  be 
ascertained  to  exist  in  the  case  of  most  of  the  persons  who 
are  affected,  and  not  to  exist  in  the  case  of  the  much  greater 
number  who  escape.  And  when  these  propositions  are  esta- 
blished, especially  in  the  case  of  a  disease  which  has  recently 
invaded  a  large  community,  and  affected  only  a  small  por- 
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tlon  thereof,  a  calculation  of  chances  puts  beyond  all  doubt 
the  efficacy  of  the  circumstance  of  intercourse  with  the  sick, 
in  determining  the  attacks  of  the  disease. 

All  other  considerations  are  perfectly  irrelevant  as  to  the 
question  of  the  contagious  nature  of  a  disease,  but  those 
which  bear  on  the  evidence  of  the  propositions  stated  above. 
For  example,  the  escape  of  great  numbers  of  those  who 
have  intercourse  with  the  sick,  is  no  evidence  of  the  dis- 
ease not  being  contagious,  if  it  be  ascertained, — 1.  That  the 
disease  is  one  of  local  and  temporary  existence  only ;  and, 
2.  That  of  those  known  to  have  had  intercourse  with  the 
sick,  the  proportion  ^vho  take  the  disease  is  very  much 
greater  than  that  of  those  in  whose  cases  such  intercourse 
cannot  be  traced. 

It  is  on  evidence  of  this  kind  that  we  ascribe  more  or 
less  of  a  contagious  property  to  various  febi'ile  diseases, — 
the  Continued  Fever  of  this  climate,  and  probably  a  con- 
tinued fever  occasionally  prevailing  in  hot  climates, — Small- 
pox, Chicken-pox,  Measles,  Scarlatina,  Plague,  Erysipelas, 
Dysentery,  Influenza;  and  the  same  evidence  will  be  found 
to  extend  to  the  epidemic  Cholera ;  although  there  are  cer- 
tainly anomalies  as  to  the  propagation,  as  well  as  the  symp- 
toms, of  that  singular  disease. 

It  is  by  similar  evidence  that  we  are  assured  of  the  con- 
tagious property  of  scabies,  syphilis,  gonorrhoea,  and  puru- 
lent ophthalmia.  The  accuracy  of  the  conclusion  is  con- 
firmed in  the  case  of  several  of  the  febrile  diseases,  as  well 
as  of  those  chronic  diseases,  by  the  eflfect  of  inoculation. 
The  very  peculiar  contagious  poison  by  which  hydrophobia 
is  excited,  has  never  been  observed  to  be  communicated 
otherwise  than  by  inoculation. 

But  in  ascribing  a  contagious  property  to  a  disease,  we 
must  be  careful  not  to  consider  it  as  ascertained,  that  con- 
tagion is  its  only  exciting  cause.  There  is  good  reason  to 
believe,  that  several  of  the  diseases  now  mentioned  ori- 
ginate occasionally,  at  the  present  day,  from  unknown 
causes,  and  perhaps  extend  themselves  in  an  unknown  way, 
besides  being  propagated  by  contagion. 
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Some  special  laws,  that  have  been  ascertained  in  regard  to 
malaria  and  contagion,  will  be  more  properly  stated  as  part 
of  the  history  of  the  diseases  which  they  excite ;  but  it  is 
important  to  state  here  some  general  facts  in  regard  to  the 
whole  of  this  class  of  the  exciting  causes  of  disease. 

1.  The  well- ascertained  fact,  that  the  morbific  effect  of 
these  poisons  is  remarkably  increased  by  debility  and  in- 
anition, and  diminished  by  fulness  and  excitement,  of  the 
vascular  system,  gives  good  reason  to  believe  that  their 
action  is  consequent  on  their  absorption  into  the  blood ;  be- 
cause it  appeared  formerly,  that  by  these  circumstances  ab- 
sorption is  remarkably  increased  and  diminished  *. 

2.  None  of  them  act  with  uniformity,  epidemic  fevers 
of  all  kinds,  and  all  contagious  diseases,  varying  extremely 
in  character,  in  prevalence,  and  in  malignity,  at  different 
times,  and  for  reasons  which  are  very  imperfectly  known. 

This  difference  is  evidently  in  part  owing  to  the  concur- 
rence, or  absence,  of  some  of  the  predisposing  causes  of 
disease  above  stated,  especially  of  impure  air,  imperfect 
nourishment,  and  mental  depression,  long-continued  heat 
or  cold ;  but  there  are  many  cases  of  such  difference  which 
we  can  ascribe  only  to  variations  in  the  nature  and  viru- 
lence of  the  morbific  poisons  themselves. 

3.  None  of  them  act  with  unerring  certainty;  some  per- 
sons escaping,  even  when  such  diseases  are  most  preva- 
lent and  malignant,  and  in  the  circumstances  in  which  the 
gi'eatest  number  suffer. 

4).  Both  malaria  and  contagion  are  very  often  aided  in 
their  effect,  not  only  by  predisposing  causes,  preparing  the 
body  for  their  reception,  but  by  exciting  causes,  concurring 
with  them,  and  determining  attacks  of  disease,  which  might 
probably  otherwise  have  been  avoided.  Thus  during  an  epi-- 
demic  fever,  so  many  attacks  immediately  succeed  exposure 
to  cold,  that  many  pathologists  have  thought  this  a  suffi- 
cient exciting  cause  of  that  disease ;  and  in  the  malarious 
countries,  so  many  agues  are  contracted  apparently  by  ex- 
posure to  cold,  or  intemperance,  that  some  have  represented 

•  See  Physiology,  p.  f?. 
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the  malaria  as  the  predisponent,  and  cold  or  disordered  sto- 
mach as  the  common  exciting  cause  of  ague.  In  like  man- 
ner, scurvy,  although  the  specific  eiFect  of  salted  aliments, 
is  very  generally  observed  to  be  essentially  aided  and  pro- 
moted by  cold,  by  intemperance,  and  by  mental  depression. 

It  is  probably  to  the  frequent  concurrence  of  other  ex- 
citing causes  with  malaria  or  contagion,  in  producing  epi- 
demic fevers,  that  we  should  ascribe  the  remarkable  fact, 
that  when  such  epidemics  are  most  prevalent,  most  other 
diseases  nearly  disappear ;  the  poison  already  imbibed  into 
the  human  system,  determining  the  excitation  of  its  own 
peculiar  effect,  on  the  application  of  any  one  of  the  com- 
mon exciting  causes  of  disease,  rather  than  of  the  other 
diseases,  which  at  other  times  might  result  from  that  appli- 
cation. 

It  appears,  therefore,  that  the  agency  of  those  causes 
of  disease,  which  we  call  specific  poisons,  differs  from 
the  agency  of  what  are  moi'e  commonly  called  poisons, 
in  being  much  more  dependent  on  contingencies,  subse- 
quent to  their  introduction  into  the  body ;  and  this  fact, 
which  could  not  have  been  anticipated  a  ■priori^  but  seems 
well  ascertained,  enables  us  to  understand  that  in  certain 
cases,  even  after  the  diseases  resulting  from  these  agents 
have  shewn  themselves,  they  may  be  not  only  conducted  to  a 
favourable  termination,  but  successfully  arrested  in  their 
course. 

5.  In  all  the  febrile  diseases  which  are  of  local  and  tem- 
porary existence,  and  result  from  the  operation  of  these 
poisons,  there  may  be  observed,  at  least  when  they  appear 
in  their  violent  form,  a  peculiarity  of  symptoms,  and  a 
kind  of  danger,  hardly  to  be  dreaded  in  diseases  excited 
only  by  such  causes  as  are  of  more  general  and  permanent  ex- 
istence. This  peculiarity  may  bo  said  to  consist  in  a  gene- 
ral depression  of  vital  action,  and  an  alteration  of  the  vi- 
tal properties  of  the  blood,  and  is  denoted  by  the  appear- 
ance of  more  or  less  of  the  symptoms,  which  have  the 
name  of  typhoid. 
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CHAPTER  IV. 

OF  DISORDERED  ACTION  OF  THE  HEART. 

Arranging  the  subject  of  Pathology  as  nearly  as  pos- 
sible in  the  same  oi'der  as  the  Physiology,  we  examine  first 
those  diseased  actions  in  which  the  organs  of  circulation 
are  chiefly  concerned.  We  do  not  affirm,  that  the  aflfection 
of  the  circulation  is  the  pi'imary  change  in  these  diseased 
actions  ;  but  it  is  certainly  the  most  obvious,  and  is  that  by 
which  the  application  of  remedies  is  chiefly  guided.  Of 
these,  a  few  appear  to  consist  essentially  in  alterations  of 
the  heart's  action ;  the  greater  number  manifestly  originate 
in  the  capillary  vessels ;  as  may  naturally  be  expected  when 
it  is  remembered,  that  these  are  the  scene  of  the  con- 
tinual vital  changes  which  it  is  the  object  of  the  circula- 
tion to  maintain. 

Three  morbid  states  of  the  action  of  the  Heart  may  be 
frequently  observed,  and  easily  distinguished, — Deficient  ac- 
tion, Inordinate  or  Irregular  action,  and  Painful  action. 

I.  The  deficient  action  of  the  heart  demands  particular 
attention,  both  theoretically,  as  illustrating  the  important 
subject  of  the  connexion  between  the  nervous  and  vascu- 
lar system  in  the  living  body,  and  also  pracucally,  not  be- 
cause it  is  frequently  met  with  as  the  sole  cause  of  danger, 
but  because  it  takes  place  in  a  greater  or  less  degree,  smd 
constitutes  a  part  of  the  danger,  in  many  complex  diseases ; 
and  because  we  are  necessarily  very  much  guided  in  the 
use  of  remedies  in  these,  by  the  degree  in  which  the  dan- 
ger may  or  may  not  appear  to  consist  in  this  part  of  the 
morbid  changes. 

The  defective  action  of  the  heart,  and  threatening  of 
Syncope,  or  of  death  beginning  at  the  heart,  is  of  course 
most  essentially  characterized  by  feebleness  of  pulse,  by 
paleness  and  coldness  of  the  surface,  often  attended  with 
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cold  sweating,  and  by  muscular  debility ;  but  in  many  cases, 
more  striking  symptoms  are  presented  by  the  change  in  the 
condition  of  the  Nervous  System  which  is  connected  with 
the  enfeebled  state  of  the  heart ;  and  there  has  been  some 
misapprehension  as  to  the  characteristic  symptoms  of  this 
state,  from  the  great  variety  that  exists  as  to  the  degree  in 
which  the  Nervous  System  participates  in  the  depressed 
state  of  the  Vascular  System. 

The  circumstance  on  which  this  variety  appears  mainly 
to  depend  is  the  degree  of  suddenness  with  which  the  de- 
pression of  the  heart's  action  is  eifected. 

Wlien  it  takes  place  slowly,  the  impetus, of  the  blood  on 
the  brain  and  nerves  being  very  gradually  diminished,  the 
Nervous  System  suflFers  in  the  first  instance  very  little,  and 
the  pulse  may  become  imperceptible,  and  the  skin  quite 
cold,  before  the  senses  are  obscured,  or  the  intellect  sensi- 
bly impaired.  The  senses  of  sight  and  hearing  are  generally 
the  first  that  ai*e  blunted  in  such  cases;  but  the  mind  is 
clear, — voluntary  motions,  though  enfeebled,  may  often  be 
performed  with  precision, — and  the  sensation  which  prompts 
to  acts  of  respiration  is  so  entire,  that  a  heaving  and  labori- 
ous breathing  is  gradually  produced,  evidently  depending, 
not  on  any  impediment  to  the  access  of  air  to  the  lungs, 
but  simply  on  the  increasing  difficulty,  with  which  the 
enfeebled  heart  propels  the  blood  through  the  lungs.  This 
is  the  state  of  the  symptoms  in  many  cases  of  disease,  when 
there  is  imminent  danger  of  death  by  syncope.  In  such 
cases,  the  pulsations  of  the  heart  become  usually  more 
frequent  as  they  become  feebler. 

But  when  the  heart's  action  is  rapidly  depressed,  as 
by  haemorrhage,  or  violent  mental  emotion,  the  sudden 
diminution  of  the  pressure  on  the  brain  and  nerves, 
like  other  sudden  changes  in  the  condition  of  these  parts, 
powei'fully  affects  the  functions  of  the  Nervous  System ; 
and  there  is  first  vertigo,  tinnitus  aurium,  confusion  of 
thought,  and  then  often  an  instantaneous  loss  of  sense,  in- 
tellect and  voluntary  power,  constituting  what  is  called  a 
complete  fit  of  syncope,  even  when  the  pulse  is  still  quite 
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perceptible,  and  before  the  surfoce  has  become  cold.  In 
such  cases  the  diminution  of  sensation  is  often  such,  tliat 
the  action  of  respiration,  as  well  as  all  perceptible  action 
of  the  heart,  may  be  nearly  or  entirely  suspended  for  a 
time,  without  any  bad  consequence.  A  sensation  of  anxiety 
and  of  nausea,  prompting  to  acts  of  vomiting,  is  a  common 
accompaniment  of  the  impression  made  on  the  Nervous 
System  in  such  sudden  syncope.  The  pulsations  of  the 
heart,  in  this  state,  especially  if  the  patient  has  previously 
been  of  strong  habit,  are  generally  slow  as  well  as  feeble. 

There  are  some  cases,  usually  called  cases  of  syncope, 
where  the  sudden  loss  of  sense  and  voluntary  power  takes 
place  almost  without  alteration  of  the  heart's  action,  and 
which  in  their  pathology  are  more  closely  allied  to  Epi- 
lepsy. 

It  has  been  already  stated,  that  a  sudden  diminution  of  the 
pressure  on  the  brain  and  nerves  is  itself  a  cause,  not  only 
of  insensibility,  but  of  weakened  action  of  the  heart;  and 
the  impression  made  on  the  heart's  action,  especially  in  a 
feeble  and  irritable  habit,  by  bleeding  in  the  erect  posture,  as 
compared  with  bleeding  in  the  horizontal, — or  by  rapidly 
assuming  the  erect  posture  after  stooping  down, — is  enough 
to  establish  this  principle. 

When,  therefore,  we  see  fits  of  syncope,  or  a  tendency  to 
it,  brought  on  either  by  loss  of  blood,  or  by  purging,  or 
sweating,  or  by  alteration  in  the  distribution  of  the  blood, 
as  by  drawing  oflf  the  fluid  of  ascites,  we  may  reason- 
ably infer,  that  the  immediate  cause  of  the  complete  fail- 
ure of  the  heart's  action  is  not  the  mere  diminution  of 
the  stimulus  acting  on  the  heart,  but  a  change  in  the  con- 
dition of  the  Nervous  System ;  just  as  it  certainly  is, 
when  syncope  is  produced  by  strong  mental  emotions, 
by  certain  long  continued  and  unpleasant  sensations,  such 
as  particular  odours  or  by  intense  pain,  or  the  sudden 
transition  from  pain  to  case,  which  are  likewise  frequent 
exciting  causes  of  this  affection.    The  secondary  action  or 
reaction  on  the  heart,  of  diminished  pressure  on  the  brain, 
(originally  consequent  in  some  cases  on  deficient  action  ol 
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the  heart  itself)  is  very  important  to  be  kept  in  mind  in 
all  speculations  as  to  Syncope ;  and  explains  the  well  known 
effect  of  the  horizontal  posture,  not  only  on  the  nervous 
symptoms  in  syncope,  but  on  the  affection  of  the  heart  it- 
self. 

But  all  this  does  not  establish,  as  Cullen  and  others  have 
conjectured,  a  necessary  dependence  of  the  heart's  actions 
on  the  brain  (a  supposition  which  is  inconsistent  with  facts 
formerly  stated) ;  it  is  only  one  of  the  considerations  which 
prove,  that  in  the  living  body  the  actions  of  the  heart  are 
subjected  to  an  influence  and  control,  from  certain  changes 
which  take  place  in  the  nervous  system ;  and  which  proba- 
bly extend,  as  was  formei-ly  illustrated,  over  the  whole  of 
that  system,  and  act  at  a  peculiar  advantage  on  the  heart, 
as  an  organ  connected  through  the  ganglionic  nerves,  with 
all  parts  of  the  cerebro-spinal  axis*. 

The  agency  of  all  exciting  causes  of  Syncope  is  greatly 
increased  by  certain  circumstances  of  predisposition,  some- 
times by  peculiarity  of  constitution  of  which  no  account 
can  be  given  ;  but  often  by  deficiency  of  the  vital  fluid,  or 
genei'al  weakness  of  vascular  action,  as  in  convalescents 
from  other  diseases,  or  in  persons  exhausted  by  muscular 
exertion,  or  under  the  influence  of  sedative  causes,  as  cer- 
tain poisons  or  contagions ;  or  else,  by  such  a  state  of  ex- 
citability or  mobility  of  the  body,  that  impressions  fi'om 
without  peculiarly  affect  the  nervous  system,  and  again, 
that  affections  of  the  nervous  system  are  transferred  with 
peculiar  facility  to  other  living  parts,  and  especially  to 
the  heart.  It  is  thus  that  in  women,  especially  of  feeble 
and  irritable  habit, — about  the  menstrual  period  more  than 
at  other  times, — in  women  affected  with  the  slighter  ute- 
rine diseases,  and  in  persons  labouring  under  long-continu- 
ed mental  depression  or  anxiety, — all  the  exciting  causes  of 
syncope  act  with  peculiar  effect. 

II.  There  are  several  varieties  of  Inordinate  Action  of  the 
•  See  Physiology,  p.  275. 
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heart,  unconnected  witli  organic  disease,  which  it  is  to  no 
purpose  to  consider  separately,  because  we  know  little  of 
the  causes  of  their  difference.  Such  are  permanently  in- 
creased frequency,  and  sometimes  apparent  strength,  of  the 
heart's  pulsations,  with  perfect  regularity,  and  nothing  un- 
usual in  the  mode  of  contraction  ;  or  occasional  violent  fits 
of  palpitation  from  exercise,  mental  emotion,  or  other  slight 
causes,  (i.  e.  such  causes  as  produce  palpitation  in  the  healthy 
state,  but  in  a  much  less  degree,  and  of  much  shorter  dura- 
tion) ;  or  paroxysms  of  irregular  action,  the  irregularity  being 
sometimes  in  the  succession  of  the  pulsations,  and  some- 
times rather  in  the  mode  in  which  each  contraction  is  ef- 
fected. In  all  these  cases  there  is  more  inci'ease  of  the 
sound,  than  of  the  impulse  of  the  heart's  action,  experien- 
ced by  the  ear  laid  on  the  chest ;  and  the  last  of  these,  the 
irregular  contraction  of  the  fibres,  is  denoted  chiefly  by  un- 
natural sounds  attending  the  pulsations. 

In  regard  to  all  these  cases  of  morbidly  irregular  or  ex- 
cessive action  of  the  heart,  it  is  to  be  observed,  that  if  un- 
connected with  increased  bulk  of  its  muscular  substance, 
they  seldom  or  never  indicate  any  real  increase  of  strength. 
But  they  are  sometimes  evidently  dependent  on  fulness 
of  blood,  and  hicreased  stimulation  of  the  heart;  and  far- 
thermit  seems  a  general  law,  that  when  the  heart  is  feebler 
than  usual,  it  becomes  more  irritable,  its  contractions  are 
more  easily  ojidited,  and  more  easily  deranged.  Hence 
both  habitual  "quency  of  pulse,  and  likewise  fits  of  palpi- 
tation, or  irregularity  of  pulse,  are  often  observed  under 
the  same  circumstances,  or  in  the  same  persons,  as  the  ten- 
dency to  syncope ;  and  are,  equally  as  that  tendency,  often 
to  be  ascribed  rather  to  alterations  in  the  state  of  the  ner- 
vous system,  than  of  the  heart  itself. 

The  unusual  irritability  of  heart,  indicated  by  the  modi- 
fications of  its  action  above  stated,  is  remarkably  observed 
in  persons  previously  healthy  and  full-blooded,  when  takiug 
little  exercise,  when  enjoying  less  sleep  than  usual,  and 
when  under  the  influence  of  mental  anxiety.  It  is  often 
observed  also  in  persons  previously  healthy,  but  much 
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weakened,  as  during  convalescence  from  acute  diseases ; 
and  farther,  in  certain  chronic  diseases,  particularly  those 
which  are  attended  with  habitual  uneasy  sensations  at  the 
stomach.  In  cases  of  this  last  kind,  inordinate  pulsation  is 
often  observed  almost  exclusively  along  the  abdominal 
aorta,  the  immediate  cause  of  which  is  still  uncertain. 

Although  advantage  may  often  be  derived,  in  the  earlier 
stages  of  these  cases  of  increased  and  irregular  action  of 
the  heart,  without  change  of  structure,  from  loss  of  blood, 
as  may  naturally  be  expected  when  they  occur  in  pretty  full 
habits,  yet  it  may  be  stated  in  general,  that  ultimate  and 
permanent  relief  to  them  is  obtained  chiefly  by  remedies 
and  regimen  of  the  tonic  kind,  i.  e.  by  which  vascular  action 
is  invigorated,  and  the  nervous  system  rendered  less  liable 
to  sudden  and  injurious  impressions. 

III.  Painful  action  of  the  heart  is  that  affection  which, 
in  its  extreme  degree,  is  described  under  the  name  of  Angina 
Pectoris,  and  is  marked  by  acute  pain,  not  only  in  the  si- 
tuation of  the  heart,  but  in  general  extending  sympatheti- 
cally *  to  the  left  shoulder,  and  down  to  the  left  arm,  ge- 
nerally brought  on,  and  always  remarkably  aggravated,  by 
any  such  exertion  as  may  quicken  the  heart's  action.  This 
pain  occurs,  however,  in  different  cases  with  very  various 
degrees  of  intensity;  and  is  attended  with  various  affec- 
tions of  the  movement  of  the  heart,  generally  with  increased 
action  at  the  time  when  it  begins,  but  in  severe  cases,  with 
greatly  diminished  action  during  its  continuance,  whence 
it  has  had  the  name  of  Syncope  Anginosa.  It  obviously 
depends  immediately  on  an  impression  made  on  the  sensi- 
tive nerves  of  the  heart;  but  what  circumstances  are  essen- 
tial to  this  impression  is  still  uncertain.  It  is  not  neces- 
sarily connected  with  any  kind  of  organic  disease  at  the 
heart,  but  is  seldom  well  marked  when  no  such  organic  dis- 
ease exists.  It  is  certainly  more  immediately  connected 
with  fulness  of  blood  than  mere  palpitations  are,  and  is 

•  See  Physiology,  p.  200. 
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hardly  ever  permanently  relieved  otherwise  than  by  evacua- 
tions and  low  diet. 

As  both  palpitations  and  painful  action  of  the  heart  must 
naturally  be  readily  excited,  when  the  tendency  to  them 
exists,  by  any  cause  increasing  the  quantity  of  blood  brought 
to  the  heart  by  the  veins  in  a  given  time,  it  is  easy  to  un- 
derstand, that  at  the  moment  of  transition  from  the  state  of 
waking  to  that  of  sleep,  when  the  circulation  on  the  surface 
of  the  body  is  repressed  *,  these  affections  of  the  heart  should 
especially  occur ;  and  also,  that  their  occurrence  at  that 
time  should  very  frequently,  though  often  only  temporarily, 
be  relieved  by  loss  of  blood. 

It  is  obvious,  that  both  palpitation  and  irregular  painful 
action  of  the  heart,  will  more  easily  be  excited  when  thei'e 
is  any  obstruction  to  the  free  transmission  of  the  blood 
through  the  heart,  than  when  the  motion  of  the  blood  is 
free ;  and  therefore,  that  habitually  increased  strength  and 
fulness  of  pulse,  palpitations,  irregular  pulse,  and  fits  of 
angina  pectoris,  must  be  much  more  frequent  and  dange- 
rous when  any  disease  of  the  valves  of  the  heart,  or  of  the 
aorta,  impeding  the  transmission,  or  allowing  the  reflux  of 
blood,  exists,  than  in  any  other  cases.  And  although  it  is 
perhaps  not  so  easy  to  explain  the  fact,  it  is  equally  cei- 
tain,  that  in  those  circumstances  fits  of  syncope  are  frequent 
and  dangerous. 

The  existence  of  such  organic  obstructions  to  the  course 
of  the  blood,  is  very  generally  demonstrated,  soon  after 
they  have  commenced,  and  in  many  instances  their  nature 
is  more  specifically  indicated,  first.  By  the  enlargement  of 
the  heart,  and  often  of  the  aorta,  consequent  on  them,  and 
which  is  easily  ascertained  after  a  time  both  by  the  ear  and 
the  hand  applied  to  the  chest ;  secondly,  By  the  increased  im- 
pulse which  the  heart  communicates  to  the  parietes  of  the 
chest,  when,  as  commonly  happens  in  consequence  of  such 
obstructions,  it  has  got  into  the  state,  not  only  of  dilatation, 
but  of  hypertrophy ;  and  thirdly,  By  alterations  of  the  na- 

•  See  Physiology,  p.  280. 
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tural  sounds,  that  attend  the  heart's  actions, — consequent 
on  the  obstructions  which  the  current  of  blood  encounters, 
and  especially  on  the  modifications  of  the  muscular  contrac- 
tions, which  are  required  to  overcome  these  obstructions. 

The  nature  of  the  diseases  which  produce  these  obstruc- 
tions, and  the  ulterior  consequences  to  be  apprehended 
from  them,  besides  the  mere  disorder  of  the  action  of  the 
heart,  will  come  under  consideration  afterwards. 


CHAPTER  v., 

OF  LOCAL  DETERMINATIONS  AND  CONGESTIONS  OF 
BLOOD,  AND  THEIR  IMMEDIATE  EFFECTS. 

Of  diseased  states  of  the  body,  originating  or  chiefly  ex- 
isting in  the  organs  of  circulation,  the  next  in  point  of  sim- 
plicity to  the  affections  of  the  heart  itself,  are  the  occasional 
determinations  or  congestions  of  blood,  affecting  individual 
organs  or  textures,  which  are  known  frequently  to  occur, 
and  the  effects  of  which  are  very  various.  They  often  lead  to, 
or  are  combined  with,  not  only  great  increase  of  exhalations, 
or  of  secretions,  but  likewise  with  increase  of  the  nutrition 
of  healthy  textures,  or  with  such  perversions  of  nutrition, 
as  constitute  morbid  or  adventitious  structures;  and  we  shall 
find  that  they  often  pass  into  true  inflammation,  acute  or 
chronic  ;  but  without  altering  the  chemical  phenomena,  or 
the  products  from  the  blood  in  any  part  of  the  body, — they 
may  be  injurious,  or  even  dangerous  in  two  ways,yirst,  By 
disturbance  of  the  functions  of  the  parts  where  they  take 
place,  independently  of  any  lesion  of  their  structure ;  and, 
secondly,  By  leading  to  extravasations  of  blood,  and  either 
to  haimorrhages,  or  to  such  lesions  of  the  structure,  and 
consequent  derangement  of  the  functions  of  parts,  as  result 
from  the  simple  effusion  of  blood  into  them. 

The  study  of  these  disorders  of  the  circulation,  and  of 
their  causes,  is  therefore  important,  both  with  a  view  to 
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their  immediate  effects,  and  also  to  the  pathology  of  the 
most  important  acute  and  chronic  diseases,  to  be  after- 
wards considered. 

There  is  probably  no  kind  of  diseased  action  of  which 
any  part  of  the  living  body  is  susceptible,  which  is  not 
connected  sooner  or  later  with  increased  afflux  of  blood  to- 
wards that  part,  either  as  its  cause  or  its  effect,  and  the 
immediate  object  of  all  our  most  powerful  remedies  is  to 
act  on  these  irregularities  of  the  circulation;  but  it  is  im- 
portant to  distinguish  accurately  in  the  first  instance,  the 
causes  that  may  be  assigned  for,  and  the  effects  which  may 
be  ascribed  to,  mere  increased  flow  of  blood  to  a  part,  in- 
dependently of  any  alteration  in  the  vital  actions  that  go  on 
there. 

That  the  quantity  of  blood  circulating  in  the  small  ves- 
sels of  any  part  of  the  body  may  be  occasionally  and  great- 
ly increased,  is  obvious  from  what  is  known  of  the  struc- 
ture and  distensibility  of  the  vessels,  and  from  what  has 
been  often  observed  of  the  capillary  circulation  in  those 
parts  of  animals,  where  it  can  be  best  examined  with  the 
microscope.  And  the  phenomena  formerly  mentioned,  of 
temporarily  increased  sensations,  of  periodic  nutrition  of 
parts,  and  of  the  effects  on  the  circulation,  in  various  or- 
gans, of  sensations  and  emotions  of  mind,  clearly  shew 
that  in  the  perfectly  natural  and  healthy  state  of  the  body, 
occasional  and  great  congestions  of  blood  are  a  part  of  the 
intentions  of  nature. 

Much  stress  has  been  laid  by  some  pathologists  on  the 
difference  between  active  congestions  of  blood,  brought 
about  by  evidently  increased  action  of  the  heart,  and  at 
least  probably  increased  action  of  arteries ;  and  passive 
congestion,  in  which  there  is  evidence  of  languor,  and  de- 
ficient rather  than  increased  action  in  any  part  of  the  vas- 
cular system.  But  it  is  only  in  a  few  cases,  that  this  dis- 
tinction can  be  accurately  observed.  In  by  far  the  greater 
number  of  cases,  there  is  evidence  of  what  may  be  called 
active  congestion  in  the  first,  and  of  passive  congestion  m 
the  last  stage,  of  the  same  affection. 


OF  LOCAL  CONGESTIONb  OF  BLOOD. 


375 


It  is  farther  known,  that  certain  textures  and  organs 
of  the  hody  are  much  more  liable  to  such  congestions  of 
blood  than  others,  by  reason  of  the  quantity  of  blood  which 
they  receive  in  the  healthy  state,  and  especially,  perhaps, 
of  the  variations  to  which  that  quantity  is  habitually  lia- 
ble. The  mucous  membranes,  and  the  parenchymatous 
viscei-a,  the  lungs,  liver,  spleen,  and  kidneys,  are  frequent 
seats  of  morbid  determinations  or  congestions  of  blood. 
And  notwithstanding  what  was  formerly  said  of  the  pecu- 
liarity of  the  circulation  in  the  brain,  and  the  impossibility 
of  much  variety  ever  taking  place  in  the  quantity  of  blood 
within  the  cranium ;  yet,  as  the  impetus  with  which  the 
blood  enters  the  brain,  the  quantity  passing  through  it  in 
a  given  time,  and  even  the  quantity  existing  at  any  given 
time,  in  one  part  of  it,  as  compared  with  another,  are  all 
liable  to  change,  there  is  no  sound  theoretical  objection  to 
the  belief,  of  occasional  determinations  and.  congestions  of 
blood  taking  place  there  also ;  and  the  evidence  of  these 
actually  and  frequently  occurring,  and  leading  to  some  of 
the  principal  diseases  of  the  brain,  to  be  afterwards  stated, 
is  in  many  cases  quite  conclusive. 

It  is  certain  also,  that  there  is  a  difference  at  the  differ- 
ent periods  of  life,  as  to  the  parts  in  which  congestions  of 
blood  and  haemorrhages  are  most  apt  to  occur,  and  for  this 
probable  reasons  have  been  assigned.  In  all  parts  of  the 
body,  as  growth  ceases,  the  capillary  circulation  becomes 
more  confined  than  before,  and  a  morbid  fulness  of  the 
vessels  is  more  easily  produced.  About  the  period  of  pu- 
berty,— the  head  having  acquired  its  full  size  more  nearly 
than  other  parts,  and  the  blood  sent  thither  having  a  less 
capacious  capillary  system  to  receive  it,  than  in  parts  still 
growing, — on  occasion  of  any  unusual  fulness  of  blood,  or 
hurry  of  the  circulation,  a  morbid  fulness  is  apt  to  take 
place  in  the  head,  and  haemorrhage  from  the  nose  is  com- 
mon. When  the  growth  of  the  whole  body  is  over,  it  may 
be  supposed  that  the  blood,  diverging  less  than  before,  and 
not  detained  so  long  in  the  capillaries  of  the  greater  circu- 
lation, will  return  quicker  to  tlie  heart,  and  congestion  and 
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haemorrhage  in  tlie  lungs  he  more  easily  produced  than  pre- 
viously. In  women,  during  the  continuance  of  the  pe- 
riodical menstrual  discharge,  the  uterus  may  be  expected 
to  be  more  liable  to  morbid  congestion  of  blood  than  other 
parts.  And  in  all  persons  in  tlie  decline  of  life,  when  the 
vessels  lose  somewhat  of  their  propelling  power,  and  the 
capillary  circulation  is  much  limited,  venous  plethora  may 
be  supposed  to  become  more  common,  and,  according  to 
circumstances  to  be  afterwards  mentioned,  may  be  produ- 
ced especially,  either  in  the  vessels  of  the  head,  or  in  those 
of  the  abdomen,  disposing  most  generally  to  apoplectic 
attacks  in  the  former  case,  and  to  haemorrhoids  in  the  lat- 
ter. Several  of  the  general  causes  of  disease,  already  men- 
tioned, may  be  said  to  act  chiefly  by  promoting  or  exciting 
such  irregularities  in  the  distribution  of  the  blood  as  we 
now  consider,  ■whether  these  are  their  sole  eff'ects,  or  whe- 
ther, through  the  medium  of  these,  they  lead  unto  other 
and  more  permanent  consequences. 

In  a  large  proportion  of  cases,  even  of  congestion  that  does 
not  go  on  to  inflammation,  it  appears  distinctly,  that  the 
cause  of  the  afi'ection  is  some  local  iri-itating  cause,  by 
which  the  vital  actions  of  the  part  are  first  altered  and  in- 
creased, and  on  the  local  effect  of  which,  the  determina- 
tion of  blood  to  the  part  subsequently  supervenes;  just  as 
it  was  formei'ly  stated,  that  in  the  healthy  state  the  flow  of 
blood  to  any  part  of  the  system  is  very  much  determined 
by  causes  acting  on  the  extremities  of  the  arteries  there, 
and  the  efi^ect  of  which  is  more  properly  expressed  by  the 
term  Jttraction,  than  either  by  Propulsion  or  Retardation, 
of  the  circulating  fluids. 

Thus  when  excessive  mental  exertion  or  emotion  affects 
the  brain,  when  mercury  aff"ects  the  salivary  glands,  heat  the 
liver,  irritating  vapours  the  bronchise,  or  various  ingesta 
the  stomach  or  bowels,  so  as  morbidly  to  excite  the  actions 
which  take  place  in  the  capillaries  of  these  parte,  without 
causing  inflammation,  a  determination  of  blood  to  them  is 
eff'ccted  by  an  influence  ^vhich  is  retrograde  along  their  ar- 
teries. 
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But  the  effect  of  these  local  irritations  will  naturally  be 
very  much  increased  by  the  action  of  causes  which  operate 
more  generally  on  the  circulation,  and  on  the  distribution 
of  the  blood ;  and  in  many  cases  it  is  obvious,  that  causes  of 
this  kind  are  adequate  of  themselves  to  the  production  of 
local  congestion.  The  following  are  the  chief  causes,  in- 
dependent of  local  irritation  of  any  particular  set  of  capil- 
lary vessels,  by  which  irregular  determinations  of  blood 
appear  evidently  to  be  promoted  or  excited. 

1.  It  is  obvious  that  the  tendency  to  any  morbid  conges- 
tions of  blood  will  in  general  be  greatest  when  the  whole 
quantity  of  blood  in  the  body  is  excessive,  and,  therefore, 
that  full  liA'ing,  and  indolent  or  sedentary  habits,  which,  in 
a  healthy  constitution,  naturally  favour  Plethora  (and  there- 
fore promote  the  formation  of  the  fat,  which  seems  to  serve 
as  a  depository  for  superfluous  nourishment  in  the  animal 
body),  will  often  predispose  to  this  class  of  diseases. 

Persons  in  the  prime  of  life,  who  are  vigorous  and  ple- 
thoric, are  certainly  less  liable  to  inflammatory  diseases  | 
than  others  are,  ,these  diseases  usually  beginning  with  a 
state  of  depression  and  debility  in  the  circulation  on  the  | 
surface  of  the  body,  which  is  not  easily  produced  in  such 
persons.  But  they  have  no  such  immunity  from  simple 
congestions  of  blood ;  and  those  especially  in  whom  (as  ap- 
pears often  to  be  the  case)  the  state  of  plethora  is  attended 
with  a  feeble  rather  than  vigorous  condition  of  the  moving 
powers  of  the  circulation,  are  naturally  predisposed  to  con- 
gestions and  hjemori-hages. 

2.  It  is  also  reasonable  to  expect,  that  the  Suppression  of 
accustomed  Evacuations,  by  increasing  the  state  of  plethora, 
sometimes  probably  by  the  irritation  consequent  on  the  re- 
tention within  the  body  of  matters  destined  to  excretion, 
may  have  a  peculiar  tendency  to  produce  such  disorders  of 
the  circulation.  It  is  in  this  way,  accordingly,  that  this 
cause  of  disease  appears  manifestly  to  operate ;  and  there 
are  many  cases,  e.  g.  of  Apoplexy  or  Epilepsy,  consequent  on 
suppression  of  the  discharge  from  hffimorrhoids,  or  of  Haj- 
morrhagc  from  the  nose,  lungs,  or  stomach,  consequent  on 
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suppression  of  tlie  menses,  where  very  serious  consequences 
result  from  the  local  congestion  of  blood,  although  un- 
attended with  any  other  diseased  action, 

3.  The  tendency  to  local  congestions  of  blood  is  A'ery 
much  dependent,  in  many  cases,  on  previous  diseases,  espe- 
cially on  such  previous  Organic  Lesions,  even  of  distant 
parts,  as  obstruct  some  portion  of  the  circulation  ;  whence 
it  happens  that  these  local  congestions  are  not  only  the 
cause  of  many  diseases,  but  often  the  consequence,  and  the 
most  dangerous  part  of  the  effect,  of  others.  Of  this  the 
following  are  the  most  remarkable  examples. 

a.  The  congestion  of  blood  in  the  Lungs, — leading  to  va- 
rious alterations  of  these,  and  frequently  to  effusion  of 
blood  into  the  air-cells,  with  or  without  haemoptysis, — very 
often  consequent  on  such  disease  of  the  heart  or  aorta  as 
obstructs  the  flow  of  blood  throngh  the  left  side  of  the 
heart. 

h.  The  stagnation  of  blood  in  the  vena  cava  descendens, 
and  appearance  of  various  symptoms  indicating  compres- 
sion of  the  Brain,  or  sometimes  bloody  effusion  on  the  brain, 
consequent  on  obstruction  to  the  flow  of  blood  through  the 
heart,  and  therefore  frequently  succeeding  to  violent  palpi- 
tations, however  caused. 

c.  A  similar  stagnation  in  the  jugular  veins  and  conges- 
tion in  the  head,  leading  to  various  diseases  of  the  Brain,  in 
cases  of  disease  where  there  is  obstruction  to  the  free  flow  of 
blood  through  the  lungs,  although  the  heart  be  sound,  espe- 
cially if  there  be  frequent  exertions  of  coughing  (implying 
an  additional  cause  of  disturbance  of  the  circulation,  to  be 
considered  immediately),  as  in  Bronchitis,  Hooping-cougb, 
or  Asthma. 

d.  A  congestion  of  blood  in,  and  consequent  enlarge- 
ment of,  the  Liver  and  Spleen,  and  congestion  in,  and  some- 
times haemorrhage  from,  the  Stomach  and  Intestines  (espe- 
cially their  mucous  membrane),  very  often  consequent  on 
such  disease,  either  of  the  heart  or  lungs,  as  habitually  re- 
tards the  flow  of  venous  blood  on  the  right  side  of  the 
heart,  and  occasions  stagnation  in  the  vena  cava  ascendens ; 


OF  LOCAL  CONGESTIONS  OF  BLOOD.  379 


— the  nature  of  which  is  well  illustrated  by  the  condition 
of  those  parts  in  persons  suflFocated  or  strangled. 

e.  A  congestion  of  blood  in  the  Stomach  and  Intestines, 
especially  in  their  mucous  membrane,  and  frequently  hae- 
morrhage from  that  membrane,  producing  Hfematemesis,  or 
Mela?na,  or  both,  consequent  on  any  such  organic  disease 
of  the  liver  as  obstructs  the  flow  of  blood  through  the 
vena  portae. 

It  is  easy  to  understand  that  such  obstructions  to  the 
circulation  as  thus  favour  congestions  and  haemorrhages, 
should  also  very  frequently  lead  to  increased  serous  effu- 
sion from  the  parts  where  that  exhalation  is  always  going 
on ;  and  that  a  slight  change  of  circumstances  may  often 
determine  whether  such  effusion  from  the  serous  membrane, 
or  haemorrhage  from  the  mucous  membrane  in  the  thorax 
or  abdomen,  should  result  from  obstruction  at  the  Heart  or 
at  the  Liver. 

It  will  appear  afterwards,  that  very  many  cases,  both  of 
acute  inflammation,  and  of  chronic  lesions  of  texture,  in 
the  organs  now  mentioned,  are  referable  in  part  to  the  ob- 
structed state  of  the  circulation  and  consequent  congestion 
of  blood  now  in  question. 

Even  independently  of  such  manifest  obstructions  to  the 
course  of  blood  in  the  larger  vessels,  as  result  from  the 
kind  of  organic  disease  now  mentioned,  it  is  obvious,  that 
any  tumour  or  adventitious  structure  existing  in  an  organ, 
must  obstruct  and  disorder  more  or  less  the  circulation 
through  the  healthy  parts  of  that  organ,  and  may  therefore 
give  occasion  to  congestion,  and  to  hasmoi*rhage  or  other 
consequences  of  congestion  there,  as  is  occasionally  seen  in 
the  course  of  chronic  diseases  in  the  lungs,  and  more  fre- 
quently in  the  brain. 

4.  It  is  known,  by  ample  experience,  that  the  tendency 
to  any  local  determination  or  congestion  of  blood  is  very 
much  increased  by  its  having  once  occurred,  so  that  all  dis- 
eases dependent  on  this  cause  may  be  said  to  facilitate  their 
own  recurrence;  although  our  knowledge  of  the  causes  of 
the  movement  of  the  blood  in  the  capillaries  does  not  en- 
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able  us  to  say  wilh  confidence,  what  is  the  nature  of  that 
vital  action  which  appears  thus  to  be  strengthened  by  re- 
peated exertion.  In  consequence  of  this  increase  of  the 
tendency  to  them  from  repetition,  diseases  which  proceed 
from  this  cause  become  gradually  less  and  less  dependent 
on  general  plethora,  or  on  excitement  of  the  circulation, 
for  their  reproduction ;  and  hence,  when  they  have  become 
habitual,  the  remedies  which  were  useful  in  their  com- 
mencement become  quite  inefficient. 

5.  There  is  in  some  persons  at  times  a  peculiar  State 
of  the  Blood,  by  which  the  tendency  to  haemorrhage,  and 
perhaps  to  congestions  of  blood  preceding  haemorrhage, 
is  greatly  facilitated,  viz.  the  state  in  which  it  is  preter- 
naturally  fluid,  and  its  coagulation  imperfect,  as  in  Scurvy, 
and  in  Purpura  from  unknown  causes. 

6.  There  is  in  many  persons,  especially  in  those  somewhat 
advanced  in  life,  a  condition  of  the  Bloodvessels,  which 
greatly  facilitates  their  rupture  ;  viz.  a  rigid,  inelastic,  and 
brittle  state  of  tlleir  coats  (consequent  on  local  disease  of 
them  to  be  afterwards  considered),  and  often  a  partial  thin- 
ning or  even  ulceration  of  these.  Where  such  disease  exists, 
especially  within  the  cranium,  the  action  of  any  of  the  ge- 
neral causes  of  congestion  of  blood  is  of  course  peculiarly 
dangerous. 

T.  Many  of  the  more  strictly  Exciting  Causes  of  disease, 
formerly  enumerated,  have  a  peculiar  effect  in  determining 
local  congestions  of  blood,  and  their  immediate  conse- 
quences, especially  the  following. 

P  a.  External  Heat  acting  as  a  general  stimulus  to  the  circu- 
lation, and  "  urging  to  excess  inequalities  in  the  distribu- 
tion of  the  blood,  otherwise  innocent,"  as  is  often  seen  in 
the  effect  of  this  agent  on  determinations  of  blood  to  the 
brain,  and  their  consequences,  and  still  more  remarkably 
in  its  effect  on  the  abdominal  viscera,  which  it  disposes  to 
diseases  that  necessarily  imply  a  great  increase  in  the  quan- 
tity of  their  blood. 

b.  External  Cold,  partially  obstructing  the  flow  of  blood 
through  certain  parts  of  the  body,  and  proportionally 
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augmenting  the  flow  through  others ;  on  which  account,  the 
very  same  diseases  of  the  hrain  have  often  been  found  to  re- 
sult from  incautious  exposure  to  cold  as  fi-om  intense  heat ; 
and  statistical  tables  prove,  that  Apoplexy  and  Palsy  are 
rendered  more  frequent,  either  by  unusually  cold,  or  un- 
usually hot  weather  * ;  and  neai'ly  the  same  may  be  said  of 
other  diseases,  connected  with  irregular  determinations  of 
blood. 

c.  Muscular  Exertion  acting  in  like  manner  as  external 
heat,  to  hurry  the  circulation,  and  urge  to  excess  any  local 
determinations  that  are  already  established,  and  especially 
such  as  are  already  attended  with  an  excited  state  of  the 
circulation,  or  such  as  exist  in  parts  (e.  g.  the  lungs  or  the 
brain)  which  must  necessarily  suffer  from  any  strongly  ex- 
cited action  of  the  heart.  Those  muscular  efforts  which 
are  attended  with  straining^  i.  e.  when  the  play  of  the  lungs 
is  forcibly  restrained,  at  the  same  time  that  th'e  blood  is 
urged  towards  the  heart,  are  necessarily  peculiarly  inju- 
rious, in  producing  congestion  in  the  lungs,  and  in  the  great 
dBMiB,  and  thereby  in  the  brain. 

d.  The  partial  Exercise  of  individual  organs,  particular 
postures  of  the  body,  and  ligatures  impeding  the  flow  of 
blood  in  parts  of  the  body,  are  all  occasional  causes  of  lo- 
cal congestions  of  blood,  as  is  seen  in  many  cases  of  haemop- 
tysis in  those  predisposed  to  it,  excited  by  unusual  exercise 
of  the  organs  of  respii-ation, — of  menorrhagia  excited  or 
aggravated  by  the  erect  posture, — or  by  tight-lacing, — of 
apoplectic  seizures  or  threatenings,  from  stooping,  or  wear- 
ing tight  neckcloths,  &c. 

e.  Mental  Emotion  or  anxiety  is  frequently  a  cause  of 
general  hurry  of  the  circulation  ;  and  must  necessarily  ag- 
gravate determinations  to  any  individual  organs  which  may 

"  Thus  the  deaths  from  apoplexy  in  the  severe  winter  of  1795,  were 
to  those  in  the  milder  winter  of  I70G,  as  52  to  31,  (Heberdek)  ;  and 
again,  the  deaths  from  apoplexy  at  New  York  in  July,  on  an  average  of 
11  years,  were  to  those  in  any  one  other  month,  as  109  to  59,  (Tlusii;. 
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at  tlie  time  be  peculiarly  liable  to  disease.  Thus  many- 
Apoplectic  attacks  and  many  cases  of  Menorrhagia  in  those 
predisposed  to  them,  may  be  ascribed,  in  part,  to  this 
cause. 

Impressions  on  the  Nervous  System  at  large,  whether 
from  mental  or  other  causes,  appear  to  act  peculiarly  on 
the  circulation  in  the  bowels,  and  in  tlie  uterine  system. 
These  parts  (especially  the  intestines)  are  less  affected  than 
the  contents  of  the  head  or  thorax,  by  any  sudden  excite- 
ment of  the  heart's  action ;  but  the  history  of  many  diseases 
shews  that,  in  women  particularly,  the  circulation  in  them 
is  very  easily  deranged  by  causes  acting  in  the  Nervous 
System,  and  such  occasional  increase  of  their  natural  se- 
cretions easily  effected  there,  as  implies  increased  determi- 
nation of  blood  thither  *.  Indeed,  diarrhoea  is  so  apt  to  oc- 
cur in  cases  of  great  debility,  as  to  favour  the  supposition, 
that  the  raucous  membrane  of  the  bowels  is  a  part  in  which 
the  bipod  is  always  apt  to  accumulate  or  be  congested, 
when  it  has  difficulty  in  making  its  way  through  other 
textures. 

When  the  blood  is  congested  from  these  causes,  or  from 
unknown  causes,  in  individual  parts  of  the  body,  the  symp- 
toms resulting  must  of  course  vary  according  to  the  part 
affected,  and  the  degree  of  the  affection.  And  it  is  often 
difficult  to  distinguish  those  symptoms  which  depend  on  the 
ulterior  consequences  of  the  congestion  of  blood,  from  those 
which  may  be  stated  as  the  natural  attendants  of  the  cir- 
cumstance of  congestion  itself,  unconnected  with  any 
change  in  the  products  formed  from  the  blood  at  the  af- 
fected part. 

In  many  instances  the  irregular  determinations  of  blood 

•  See,  e.  g.  Latham's  History  of  the  Epidemic  in  the  Penitentiary  in 
1823,  where  there  were  many  examples  of  violent  disorder  of  the  Nervous 
System,  succeeded  immediately  either  by  haemorrhage  from  the  stomach 
or  bowels,  or  by  such  mucous  and  watery  discharges  from  these,  as  plain- 
ly denoted  great  increase  in  the  flow  of  blood  thither. 
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are  attended  with  febrile  symptoms,  eitlier  preceding  or  fol- 
lowing them.  But  true  febrile  action,  such  as  will  be  de- 
scribed as  accompanying  inflammation,  is  not  only  no  es- ' 
sential  concomitant  of  local  congestions  of  blood,  but  may 
most  generally  be  distinctly  traced  to  other  causes  ;  either 
to  a  degree  of  inflammation  attending  the  congestion, — or 
in  some  instances  to  inflammation  supervening  on  hsemor- 
rhage,  to  which  the  congestion  has  led, — or  to  some  other 
cause  of  febrile  action  affecting  the  body  at  the  same  time. 
In  some  instances,  however,  attacks  of  disease  which  ap- 
pear to  depend  on  such  determinations  of  blood,  (e.  g.  fits 
of  Epilepsy  in  young  and  plethoric  subjects)  are  attended 
with  general  symptoms  closely  resembling  inflammatory 
fever,  although  we  have  no  reason  to  think  that  inflammation 
exists,  and  no  other  cause  for  fever  appears. 

Two  classes  of  local  effects  which  result  from  these  de- 
terminations and  congestions  of  blood,  may  be  shortly  con- 
sidered here,  viz.  those  which  may  be  produced  by  derange- 
ment of  the  functions  of  the  parts  affected,  without  haemor- 
rhage or  inflammation,  or  any  kind  of  disorganization  of 
these  parts ;  and  those  which  may  be  produced  by  haemor- 
rhage independently  of  any  ulterior  consequences.  The 
effects  of  inflammatory  action,  and  of  adventitious  growths 
or  alterations  of  structure,  consequent  on  the  congestions, 
will  come  under  consideration  afterwards. 

1.  1 .  Very  various  dei'angements  of  the  functions  of  the 
Nervous  System,  headachs,  giddiness,  transient  imperfec- 
tions of  sense,  or  of  memory,  fits  of  epilepsy,  of  hysteria  or 
other  spasms,  even  of  mania,  in  those  predisposed  to  these 
diseases,  some  cases  of  transient  paralytic  affections,  and 
many  of  apoplexy,  appear  to  result  from  simply  increased 
afflux  of  blood  to  the  brain,  without  rupture  of  its  vessels, 
disorganization  of  its  texture,  or  even  increased  effusion  of 
its  serous  fluid. 

2.  There  are  many  cases  of  asthma  and  of  catarrh,  which 
may  probably  depend  on  merely  increased  determination  of 
blood  to  the  mucous  membrane  of  the  air-passages;  but 
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such  cases  are  hardly  to  be  distinguished  from  tliose  either 
of  inflammation  or  of  spasm  afffecting  these  parts. 

3.  An  increased  determination  of  blood  to  the  mucous 
membrane  of  the  stomach,  although  not  followed  by  inflam- 
mation there,  is  probably  a  frequent  cause  of  severe  dys- 
peptic symptoms*. 

4.  An  increased  flow  of  blood  to  secreting  organs  is  cer- 
tainly one  condition,  and  in  many  cases  probably  the  only 
condition,  essential  to  the  production  of  those  diseases  which 
consist  in  simple  increase  of  their  secretions,  such  as  cholera, 
or  many  cases  uf  diarrhoea  and  of  leucorrhoea. 

5.  Even  independently  of  attacks  of  ha2morrhage,  there 
is  evidence  of  increased  flow  of  blood  to  the  uterus,  in 
many  cases  of  uterine  pains ;  and  of  a  similarly  increased 
flow  to  various  other  parts  in  connexion  with  nervous  pains, 
i.  e.  pains  which  are  unconnected  with  indications  of  inflam- 
mation. 

6.  An  increased  flow  of  blood  to,  or  stagnation  of  blood 
in,  the  serous  membranes,  or  the  cellular  membrane  of 
the  body  in  general,  or  of  the  lungs, — whether  it  be  de- 
pendent on  obstruction  to  the  circulation  in  the  great  veins, 
as  in  cases  of  diseased  heart  or  livei-,  or  on  suppression  of 
excretion  by  the  skin  and  kidneys,  as  in  cases  of  dropsy  af- 
ter scarlatina,  or  connected  with  disease  of  the  kidneys, — is 
the  main  condition  essential  to  the  occurrence  of  dropsi- 
cal eff"usion  in  those  parts ;  and  is  therefore  a  cause  of  dis- 
eases of  such  importance  as  to  demand  future  considera- 
tion. 

As  true  inflammation  of  cellular,  serous,  or  mucous 
membrane  is  always  attended  with  increase  of  the  quantity 
of  fluids  thrown  out  there,  it  is  obvious  that  eflFusions  de- 
pendent on  simple  congestion  of  blood,  and  those  dependent 
on  inflammation,  must  often  closely  approximate;  and  the 
only  essential  distinction  between  them  lies  in  the  peculiar 
alterations  of  the  products  efi'used  in  these  parts,  which  are 
effected  by  inflammation,  and  which  will  be  afterwards  de- 
scribed. 

•  See  Parry's  Elements  of  Pathology  and  Therapeutics,  sect.  404. 
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Increased  secretions  or  exhalations  upon  all  these  dif- 
ferent membranes,  although  dependent,  in  most  cases, 
and  in  the  first  instance,  on  congestions  of  blood  there, 
are  often  attended  with  less  general  disturbance  of  the  cir- 
culation, than  the  other  effects  of  local  congestion  which 
have  been  mentioned.  And  there  is  this  difference  among 
I  the  different  membranes,  that  those  determinations  of  blood 
which  take  place  to  serous  membranes,  and  lead  to  dropsi- 
cal effusions,  are  seldom  effected  without  some  kind  of  ob- 
struction to  the  natural  course  of  the  circulation  existing 
at  the  time ;  whereas  the  mucous  membranes  are  often  con- 
gested, and  their  secretions  much  increased,  when  no  kind 
of  organic  disease  or  obstruction  exists. 

That  these  different  diseased  states  depend  essentially  on 
morbid  determinations  or  congestions  of  blood,  even  when 
these  do  not  make  themselves  obvious  either  by  haemor- 
rhage, or  by  any  disorganizations  perceptible  on  dissection, 
we  conclude  from  A'arious  facts,  most  of  which  may  be 
ranked  under  the  following  heads  : 

1,  In  many  of  these  instances  the  symptoms  are  the 
same,  and  the  whole  history  of  the  disease,  up  to  a  certain 
period,  is  the  same,  as  in  other  cases,  where  the  increased 
determination  of  blood  is  afterwards  unequivocally  shewn, 
either  by  haemorrhage,  or  by  such  disorganization  of  parts 
as  equally  denotes  congestion  of  blood  theie ;  e.  g.  a  fit  of 
apoplexy,  in  a  plethoric  person,  after  a  full  meal,  and  either 
mental  agitation  or  intoxication,  although  preceded  and 
attended  with  flushing  of  face,  and  heat  of  the  head,  maybe 
fatal  without  any  effusion  being  discoverable  in  the  head;  but 
after  many  cases  of  fatal  apoplexy,  of  which  the  history  was 
similar,  we  find  effusions  of  blood  or  serum  ;  and  we  can- 
not doubt  that  these  latter  cases  illustrate  the  essential  na- 
ture of  the  diseased  action  which  took  place  in  the  former. 

So  also,  urgent  dyspeptic  symptoms,  following  suppres- 
sion of  the  menses,  have  often  been  succeeded,  and  imme- 
diately relieved  by  vomiting  of  blood ;  and  this  fact  evi- 
dently illustrates  the  nature  of  the  severe  affections  of  the 
Rtoroaoh  which  often  succeed  the  suppression  of  that  dis- 
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charge  when  tl)eie  is  iio  liaemori  liage.  And  the  nature 
of  many  cases  of  diarrliaea  is  illustrated  by  wliat  is  seen 
in  a  few  unusually  violent  cases  of  that  kind,  which  are 
attended  by  severe  hfemorrhage,  even  when  there  is  no  in- 
flammation or  ulceration,  and  no  obstruction  to  the  flow  of 
the  venous  blood  through  the  liver. 

2.  The  nature  of  the  diseases  which  have  been  represent- 
ed as  often  depending  on  determinations  of  blood,  is  very 
often  illustrated  by  their  ready  transition,  in  the  same  pa- 
tient, into  hasmorrhagic  or  inflammatory  diseases.  Thus 
we  know  that  various  combinations  or  successions  of  the 
symptoms  and  affection  of  the  nervous  system,  above  enu- 
merated, and  the  cause  of  which  may  be  thought  doubtful 
if  they  stand  alone,  are  often  followed  by  regular  apoplectic 
or  paralytic  attacks  dependent  on  haemorrhage  in  the  brain; 
and  that  cases  of  simple  diarrhosa  are  easily  convertible,  by 
errors  of  regimen,  which  in  other  circumstances  would  be 
innocent,  into  strictly  inflammatory  diseases. 

3.  The  dependence  of  many  cases  of  the  diseases  above 
enumerated,  on  the  cause  here  assigned,  is  farther  con- 
firmed by  a  very  sufficient  experience  of  the  juvantia  and 
IcBdentia  in  at  least  a  large  proportion  of  cases  of  the  kind, 
especially  in  tli«ir  earlier  stages;  although  experience  also 
teaches  that  morbid  actions  which  commence  with  in- 
creased local  determinations  of  blood,  and  even  with  gene- 
ral excitement  of  the  circulation,  often  subsequently  go  on 
for  a  long  time,  without  any  indications  of  increased  vas- 
cular action,  and  when  remedies  are  chiefly  demanded  by 
the  general  weakness  of  the  circulation  which  subsequent- 
ly ensues. 

When  diseases  of  the  kind  we  have  now  considered 
prove  dangerous  or  fatal,  the  immediate  cause  of  danger 
may  be  very  various,  even  although  no  farther  morbid  action 
be  established  than  these  natural  effects  of  congestion. 

Increase  of  the  natural  secretions  from  the  serous  or  mu- 
cous membranes,  when  very  copious,  may  be  fatal  in  ways 
to  be  afterwards  considered.    There  are,  perhaps,  cases 
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of  affection  of  the  lungs,  and  certainly  cases  of  affection  of 
the  brain,  where  the  fatal  event  is  produced  by  the  obstruc- 
tion of  the  functions  of  these  parts  consequent  on  mere 
congestion  of  blood  without  farther  change ;  and  there  are 
many  cases  of  very  various  diseases,  in  which  congestions 
of  blood  in  these  organs  are  part  of  the  cause  of  the  fatal 
event.  It  is  therefore  of  great  importance  to  study  the  in- 
dications of  mere  Congestion  of  Blood,  as  well  as  the  effects 
of  Haemorrhages,  as  they  appear  on  dissection. 

It  may,  however,  be  stated  generally,  that  the  indications 
of  local  congestions  of  blood,  observed  after  death,  when  no 
farther  consequence  has  occurred,  are  very  liable  to  falla- 
cies, and  are  not  much  to  be  trusted  as  proofs  of  the  nature 
of  the  preceding  disease,  unless  the  nature  of  the  symptoms, 
or  other  cu'cumstances  in  the  condition  of  the  patient,  con- 
firm the  conclusion  which  they  suggest. 

These  fallacies  result  chiefly  from  what  is  known  of  the 
unequal  and  irregular  distributions  of  blood  that  may  take 
place  at  the  moment  of  death,  or  within  a  very  short  time 
before  it,  even  in  eases  where  there  had  previously  been 
little  or  no  unusual  determination  of  blood. 

At  the  moment  of  death,  or  within  a  very  short  time 
after  it,  congestions  of  blood  in  various  parts  and  textures 
(at  least  in  the  skin,  most  of  the  Vascular  parts,  mucous 
membranes,  and  the  parenchyma  of  some  of  the  viscera), 
frequently  occur;  which  are  not  referable  to  any  known 
cause,  but  may  be  followed  by  transudation  of  serum  after 
death,  and  present  appearances  very  similar  to  those  of  in- 
flammation in  its  first  stage. 

A  congestion  of  blood,  with  some  serous  effusion,  is  cer- 
tainly often  determined  also  by  gravitation,  acting  before 
death,  but  at  the  time  when  the  circulation  is  very  much 
enfeebled,  in  those  parts  of  the  body  which  then  lie  lowest  *. 
This  takes  place  especially,  if  any  additional  cause  for  slow 
motion  of  the  blood  at  the  same  time  exists  in  these  parts ; 
as  in  the  lungs,  when  there  is  any  impediment  to  the  free 

•  Hence  the  Peripneumonie  des  agonisans  of  Laennec,  and  the  En- 
gouement  de  Position  of  Andual. 
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arterialization  of  the  blood,  or  in  the  abdominal  viscera, 
when  the  flow  of  venous  blood  is  obstructed  either  in  the 
liver  or  at  the  lungs  or  heart.  A  similar  state  of  conges- 
tion and  serous  effusion  sometimes  occurs  in  the  lower  ex- 
tremities from  old  age  or  extreme  debility ;  and  in  any 
part  of  the  body,  if  the  veins  leading  from  it  are  narrowed 
or  compressed  by  tumors  *. 

Such  congestions  and  effusions  are  of  course  most  apt  to 
take  place  in  cases  when  the  blood  is  in  full  quantity,  and 
has  less  tendency  to  coagulation  than  usual,  and  therefore 
such  fallacious  appearances  are  seen  most  frequently  after 
different  kinds  of  violent  death,  or  after  contagious  febrile 
diseases  of  short  duration. 

But  when  the  same  appearances  are  found  in  parts  of 
the  body  where  gravitation  would  not  determine  them, — 
when  they  are  found  under  the  circumstances  stated  above, 
as  favouring  local  congestions  of  blood, — and  when  they 
correspond  to  symptoms  observed  during  life,  of  embarrass- 
ment of  the  functions  of  the  parts  where  they  are  formed, 
there  can  be  no  difficulty  about  regarding  them  as  the  ef- 
fects and  indications  of  morbid  determinations  of  blood. 

II.  Haemorrhage  frequently  takes  place  from  the  mucous 
membranes  of  the  nose,  fauces,  bronchise,  stomach  or 
bowels,  and  still  more  frequently  of  the  uterus ;  in  some 
cases  in  such  quantity  as  to  be  dangerous  or  fatal,  by  reason 
of  the  debility  produced  by  the  loss  of  blood,  or,  in  the  case 
of  its  occurring  in  any  of  the  aii-passages,  by  reason  of  the 
obstruction  to  respiration  thence  produced.  When  taking 
place  from  the  inner  surface  of  the  uterus,  at  the  moment 
of  the  separation  of  the  placenta,  it  has  often  been  fatal  in 
persons  previously  quite  healthy;  but  in  the  other  parts  men- 
tioned it  is  seldom  immediately  dangerous,  unless  connect- 
ed either  with  the  morbid  state  of  the  blood,  or  with  some 
of  the  obstructions  to  the  free  course  of  the  blood,  already 
mentioned.    In  all  these  parts,  it  often  appears,  on  minute 

•  See  Andhal  Precis.  d'Anat.  Pathol,  t.  i. 


li 


I, 


OF  LOCAL  CONGESTIONS  OF  BLOOD. 


389 


investigation,  that  no  rupture  of  vessels  on  the  surface 
whence  the  blood  came  can  be  detected. 

More  rarely  haemorrhage  takes  place  in  like  manner  in- 
dependently of  injury  or  ,of  perceptible  rupture  of  vessels 
in  the  cellular  substance,  or  on  the  surface  of  the  serous 
membranes,  even  when  uninflamed,  and  if  this  happen 
within  the  head  or  the  chest,  it  may  of  course  produce  fa- 
tal coma  or  asphyxia.  But  the  greater  number  of  fatal 
hemorrhages  in  any  of  the  shut  cavities  of  the  body  are 
the  result  of  a  diseased  state  of  the  bloodvessels. 

Haemorrhage  within  the  substance  of  the  brain  is  more 
frequently  dangerous,  and  the  effects  it  produces,  and  the 
disorganizations  to  which  it  tends,  have  been  more  carefully 
studied,  than  in  other  viscera. 

It  takes  place  most  generally  in  persons  advanced  in  life, 
and  is  preceded  vei'y  frequently,  though  by  no  means  uni- 
formly, by  the  circumstances  already  mentioned,  which 
favour, — by  the  causes  which  excite,  and  by  the  symptoms 
which  indicate,- — an  increased  determination  to  the  head, 
and  consequent  obvious,  although  very  various,  derangement 
of  the  functions  of  the  brain. 

It  takes  place  most  commonly  in  the  parts  immediately 
adjacent  to,  or  at  least  on  a  level  with,  the  ventricles,  the 
corpora  striata,  thalami,  or  adjoining  parts;  and  in  a  large 
proportion  of  cases  it  appears  obviously  to  have  been  facili- 
tated by  a  diseased  state  of  the  vessels  there  situated. 
But  in  other  cases,  no  disease  of  vessels  is  detected,  and,  in 
a  few,  the  effusion  of  blood  is  in  too  many  minute  points  to 
be  ascribed  to  rupture  of  any  but  the  smallest  of  the  vessels. 

It  hardly  ever  occurs  without  sudden  disturbance  of  the 
functions  of  the  brain;  but  the  amount  of  this  disturbance 
is  exceedingly  various, — from  transient  loss  of  speech,  or 
memory,  or  spasm  or  palsy  of  some  voluntary  muscles,  up 
to  perfect  coma,  fatal  within  a  few  hours.  When  the  hje- 
morrhage  has  taken  place  into,  and  filled  the  ventricles, 
the  amount  of  injury  being  more  extensive  than  usual,  the 
symptoms  arc  more  uniform ;  tliere  is  first,  temporary  loss 
of  sense  and  voluntary  power,  and  depression  of  tlie  heart's 
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action, — a  recovery  from  this  state, — and  then  a  gradual 
accession  of  profound,  and  uniformly  fatal,  coma.  The 
most  common  permanent  effect  of  effusion  of  blood  into 
the  substance  of  the  brain  is  loss  of  sense,  or  of  voluntary 
power,  or  both,  in  the  opposite  *  side  of  the  body. 

That  there  should  be  much  variety  as  to  the  affections  of 
sense  and  voluntary  po\yer,  in  such  cases,  is  not  surprising, 
when  we  remember  that  the  small  portion  of  the  contents 
of  the  cranium,  which  appear  to  be  really  essential  to  these 
functions,  are  seldom  c?M-ec%  injured f;  but  the  degree  of 
variety  that  is  observed  in  the  affection,  both  of  these  and 
of  the  strictly  mental  powers,  and  in  the  permanence  of 
that  affection— even  when  the  parts  actually  injured  are  the 
same,  is  certainly  greater  than  could  have  been  expected. 

The  sudden  attack  of  symptoms  indicating  effusion  of 
blood  in  the  brain,  is  often  preceded  or  followed  by  fever 
and  other  symptoms,  which  may  excite  suspicion  of  m- 
flammation  of  the  brain ;  and  when  death  takes  place  with- 
in a  short  time  after  the  hemorrhage,  marks  of  inflamma- 
tory action  are  often  found  combined  with  it,  especially 
effusion  of  serum  into  the  ventricles,  and  softening,  and 
other  inflammatory  appearances  (afterwards  to  be  con- 
sidered) around  the  effused  blood.  In  some  such  cases, 
the  clot  of  blood  has  probably  excited  the  inflammation,  of 
which  the  effects  appear  around  it;  but  in  others,  there  is 
good  reason  to  believe  that  the  inflammation,  and  even  the 
softening,  took  place  first,  and  that  the  hemorrhage  was 
consequent  on  the  injury  done  by  the  inflammation  and  its 
effects,  to  the  coats  of  the  vessels  of  the  part. 

When  no  such  amount  of  disorganization  attends  the 
effusion  of  blood,  and  when  the  immediate  effects  of  it  on 
the  functions  of  the  brain  abate,  the  changes  consequent 
on  it  are,  that  a  thin  layer  of  coagulable  lymph  is  thrown 
out  around  it,  and  becomes  gradually  organized  (by  the 
inflammatory  action  which  it  excites,  and  which  will  be 
afterwards  explained);  and  that  the  colouring  matter  ot 
the  blood,  and  afterwards  the  rest  of  the  coagulum,  aie 

.  1  no  +  Ibid.  p.  131. 

•  See  Physiology,  p-  112.  T 
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gradually  absorbed  from  the  interior  of  the  preternatural 
cyst  thus  formed,  which  is  then  left,  containing  only  a  yel- 
lowish fluid,  and  afterwards  shrinks  farther,  but  never  en- 
tirely disappears.  It  is  certain  that  the  absorption  of  the 
coagulum  may  be  eifected  in  this  way  within  three  months 
after  its  eflFusion  *.  This  process  is  attended  with  a  gradual, 
but  variable,  and  very  seldom  complete,  recovery  of  those 
functions  of  the  brain  and  nerves  which  had  been  impaired. 

ElFusion  of  blood  into  the  substance  of  the  lungs  is  not 
so  common  as  into  the  brain ;  the  effusion,  in  most  cases  of 
haemoptysis,  being  either  into  the  bronchise,  or  into  ulcera- 
ted cavities;  but  it  takes  place  occasionally,  and  has  been  ac- 
curately described  under  the  title  of  Apoplexy  of  the  Lungs; 
and  the  history  of  the  organic  lesion  thus  effectedis  important. 

It  takes  place  very  seldom  when  there  is  no  other  orga- 
nic disease  within  the  chest;  occasionally  when  there  is 
other  disease  of  the  lungs,  limiting  and  obstructing  the  cir- 
culation ;  but  much  more  frequently  when  there  is  disease 
of  the  valves  on  the  left  side  of  the  heart,  and  consequent 
impediment  to  the  movement  of  the  blood  there.  It  is 
most  genei'ally  attended  with  haemorrhage  into  the  bron- 
chiae  and  haemoptysis,  but  the  amount  of  that  discharge 
bears  no  proportion  to  the  extent  of  the  effusion,  and  some- 
times, even  in  fatal  cases,  it  is  altogether  awanting. 

Besides  the  haemoptysis,  the  effusion  of  blood  into  the  air- 
cells  must  naturally  produce  sudden  dyspnoea,  and  disorder 
of  the  heart's  action ;  and  when  it  is  in  any  considerable 
quantity  at  one  spot,  it  must  obscure  or  suppress  the  natu- 
ral respiratory  murmur,  and  even  make  that  part  of  the 
chest  dull  on  percussion ;  but  these  last  indications  are 
equally  given  by  various  other  lesions,  to  be  afterwards 
mentioned.  When,  however,  they  take  place  rapidly,  with 
sudden  dyspnoea,  with  haemoptysis,  however  slight,  and 
especially  in  a  case  where  there  are  indications  of  diseased 
heart,  it  may  be  suspected  that  they  proceed  from  this  cause; 
and  in  such  cases,  the  affection  is  sometimes  rapidly  fatal. 

The  appearance  in  the  dead  body  of  the  lesion  of  the 

"  See  Abehchombie's  Pathology  of  the  Brain  and  Spinal  Cord,  p.  271. 
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substance  of  tlie  lung,  thus  caused,  is  just  that  of  a  coagu- 
lum  of  venous  blood  filling  up  a  part  of  the  cellular  tex- 
ture. The  colour  is  darker  and  more  uniform,  the  texture 
is  firmer,  and  the  edge  more  circumscribed,  than  in  the  case 
of  effusions  from  inflammation. 

Blood  thus  effused  into  the  substance  of  the  lung,  does 
not  appear  so  rapidly  to  excite  inflammation  around  it,  as 
in  the  brain ;  and  it  is  not,  therefore,  found  afterwards  to 
be  surrounded  with  any  cyst;  but  in  the  lungs,  as  in  the 
brain,  and  as  in  the  cellular  substance  after  bruises,  such 
simple  effusions  of  blood,  in  the  perfectly  healthy  state, 
appear  to  be  easily  absorbed ;  and  judging  both  from  the 
gi'adual  improvement  of  the  general  symptoms  after  many 
cases  of  haemoptysis,  with  much  dyspnoea  (unconnected 
with  phthisis),  and  from  the  gradual  abatement  of  the  in- 
dications of  effusion  given  in  such  cases  by  auscultation 
and  percussion  *,  we  may  presume,  that  large  coagula  of 
blood  may  be  absorbed  from  the  cellular  texture  of  the 
lungs,  and  the  functions  of  the  part  gradually  restored ;  al- 
though the  complex  and  necessarily  dangerous  natui'e  of 
most  of  the  cases,  where  this  accident  happens,  prevents  ouf 
having  many  examples  of  this  kind. 

Blood  is  sometimes  effused  into  the  substance  of  the  liver, 
and  presents  there  the  same  appearance  as  in  the  luugs. 
This  happens  chiefly  when  there  is  congestion  of  blood  in 
the  liver,  consequent  on  disease  within  the  chest.  In  some 
instances,  also,  it  is  found  surrounded  by  adventitious  sub- 
stance, or  softened  portions  of  the  glandular  substance,  as 
so  often  happens  in  the  brain  ;  and  there  are  similar  rea- 
sons, in  some  such  cases,  for  believing  the  latter  to  have 
been  the  primary  change  f.  But  it  is  beyond  our  power  to 
discriminate  this  change  in  the  substance  of  the  liver  before 
death,  from  mere  turgescence  of  the  bloodvessels,  and  its 
other  effects,  to  be  afterwards  mentioned. 

There  arc  some  cases,  in  which  coagula  of  blood,  appa- 
rently unchanged,  are  effused  from  disease  into,  and  gra- 

"  See  Laennec,  t.  i.  p.  383'. 

f  See  Andhal,  Trecis.  d'Anat  r.^lhol.  t.  ii.  p.  C04. 
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dually  distend,  the  Graafian  vesicles  in  the  ovaries ;  but  on 
what  this  depends,  or  whether  it  can  be  suspected  from  any 
particular  symptoms,  is  uncertain. 

In  all  these  situations,  as  well  as  in  others,  where  ef- 
fusions of  blood  from  disease  are  less  common,  we  have  rea- 
son to  believe,  that  the  blood  effused  in  a  few  cases  be- 
comes an  organized  mass,  and  then  is  gi'adually  converted 
into  different  kinds  of  tumor.  This  we  gather  from  care- 
ful examination  of  some  instances  of  the  kind,  where  suc- 
cessive effusions  have  taken  place,  and  are  found  at  the 
time  of  death  in  different  stages  of  their  progress  *.  But 
as  many  facts  inform  us,  that  blood  effused  in  the  perfectly 
healthy  state  is  readily  absorbed,  it  is  obvious  that  there 
must  be  some  constitutional  peculiarity  in  the  cases,  where 
such  transformation  of  effused  blood  takes  place. 

In  a  much  greater  number  of  cases,  we  have  good  rea- 
son to  believe,  that  congestions  of  blood  lead  to  the  forma- 
tion of  adventitious  textures  (very  little  liable  to  absorp- 
tion) without  any  haemorrhage.  But  the  consideration 
of  all  these  is  more  properly  delayed,  until  after  we  shall 
have  examined  the  process  of  inflammation  ;  which  is  pro- 
bably the  most  frequent,  and  certainly  the  simplest  case  of 
the  formation  of  new  products  in  the  animal  economy  in 
consequence  of  disease. 


CHAPTER  VI. 

OF  INFLAMMATION. 

Inflammation  is,  on  many  accounts,  the  kind  of  diseased 
action  in  the  living  body,  which  must  occupy  the  largest 
share  in  all  pathological  discussions.  It  is  that  which  is 
the  most  easily  excited  by  external  causes,  and  is  indeed 
the  only  one,  not  necessarily  fatal,  which  we  have  the 
means  of  exciting  at  pleasure  ; — its  effects,  varying  exceed- 
ingly in  different  organs,  aiid  in  different  circumstances, 

•  See  e.g.  Andhal,  Precis,  &c,  t.  ii.  p.  589,  &  764. 


394 


OUTLINES  OF  PATHOLOGY. 


bear  a  close  resemblance  to,  and  therefore  illustrate,  and 
very  often  combine  themselves  with,  all  other  modes  of 
diseased  action,  of  which  the  body  is  susceptible ;  under  fa- 
vourable circumstances,  it  is  more  completely  under  the 
control  of  remedies  than  any  other ;  and  nevertheless,  it  is 
more  or  less  concerned  in  producing  a  very  large  share  of 
the  mortality  in  every  part  of  the  world. 


SECTION  I. 

OF  THE  SYMPTOMS  OF  INFLAMMATION  IN  ITS  FIRST  STAGE. 

The  name  given  to  this,  as  to  many  other  diseased  states 
of  the  body,  expresses  nothing  as  to  its  essential  nature ; 
but  the  condition  to  which  this  name  is  applied,  is  in  gene- 
ral held  to  be  characterized  in  any  part  of  the  body,  by  the 
concurrence  of  four  symptoms,  Pain,  Swelling,  Heat  and 
Redness ;  symptoms  which  in  external  parts  at  least  are 
easily  recognized,  without  requiring  such  minute  examina- 
tion as  is  requisite  when  we  investigate  the  intimate  nature 
of  the  disease.  Of  these  the  first,  although  often  the  most 
urgent,  is  in  fact  the  least  constant  symptom.  It  is  much 
felt  in  external  inflammations,  and  in  those  which  aflFect 
the  outer  coverings  of  the  different  viscera,  but  is  little  felt 
in  some  cases  of  inflammation  of  the  internal  membi'anes, 
and  of  the  substance  of  viscei'a,  (pex'haps  because  the  parts 
alFected  in  those  cases  have  fewer  nerves  of  common  sensa- 
tion) ;  and  is  often  excited  only  by  occasional  impressions 
made  on  the  afi^ected  parts.  The  increased  temperature,  in 
all  probability,  exists  in  every  case  of  inflammation ;  but  it 
seldom  amounts  to  more  than  a  few  degi-ees ;  it  is  of  course 
often  concealed  from  the  observer ;  and  as  the  sensibility  to 
heat  is  less  general  over  the  body  than  the  susceptibility  of 
common  sensation,  the  heat  of  inflammation  is  less  gene- 
rally felt  by  the  patient  than  the  pain. 

The  swelling  and  redness,  although  very  various  in  de- 
gree, in  form,  shade  of  colour,  &c.  in  diff'erent  cases,  and 
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often  concealed  from  view,  likewise  exist,  more  or  less,  in 
every  case  of  inflammation ;  and  depend,  in  the  first  in- 
stance, not  on  any  extravasations,  but  on  the  distension  of 
the  small  vessels  of  the  part,  and  on  the  passage  of  the  co- 
louring matter  of  the  blood  into  vessels  which  had  before 
hardly,  if  at  all,  admitted  it. 

But  in  order  that  Inflammation  may  be  clearly  distin- 
guished from  all  other  states  of  any  living  texture,  it  is 
necessary  to  add  to  these  four  characters  two  other  distinc- 
tive marks,  1st,  That  the  aff'ection  should  remain  fixed  in 
the  part  for  at  least  some  hours ; — and,  2dly,  That  unless 
the  affection  be  speedily  and  artificially  arrested  in  its 
course,  more  or  less  of  extravasation  should  shew  itself 
from  the  vessels  of  the  part,  first,  of  the  serous  part  of  the 
blood  only,  but  afterwards  of  a  more  glutinous  fluid,  or 
even  of  solid  matters, — constituting  the  different  inflamma- 
tory effusions  to  be  presently  considered.  This  last  cha- 
racter, drawn  from  the  local  effects  rather  than  the  symp- 
toms of  Inflammation,  is  the  only  sure  mark  of  distinction 
between  this  state  and  mere  Congestion  of  blood,  already 
considered. 

These  are  the  characters  which  appear,  on  careful  consi- 
deration of  the  phenomena  of  Inflammation  in  all  parts  of 
the  body,  and  after  exclusion  of  all  individual  and  local 
peculiarities,  to  be  the  most  uniformly  present,  and  there- 
fore the  most  essential  parts  of  its  history,  in  its  earliest 
stages.  But  in  many  individual  cases,  these  are  in  a  great 
me.asure  concealed  from  view ;  and,  in  order  both  to  secure 
the  recognition  of  this  condition  of  individual  parts,  and 
also  to  understand  the  manner  in  which  it  gradually  de- 
ranges the  living  actions  of  other  parts,  and  endangers  life, 
it  is  necessary  to  observe  minutely  and  generalize  the  effects 
which  are  found  by  experience  to  result  from  it, — ^rst, 
'  in  the  condition  of  the  system  at  large ;  secondly,  in  the 
functions  of  individual  organs, — either  those  that  take  on  the 
diseased  action  themselves,  or  those  most  closely  connected 
with  them. 

Afterwards  we  shall  consider  the  effects  of  inflammation 
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on  the  structure  and  properties  of  the  parts  that  are  actu- 
ally inflamed ;  which  last  efifects,  although  often  the  most 
important  of  all,  are  generally  the  latest  in  point  of  time. 

1.  The  effects  of  local  inflammation  on  the  system  at 
large,  may  be  ranked  under  two  heads,  I.  The  inflamma- 
tory fever,  and,  2.  The  inflammatory  state  of  the  blood  ; 
both  of  which  very  generally  attend  inflammation  of  any 
considerable  extent  and  intensity,  and  in  many  cases  bear 
a  tolerably  uniform  proportion  to  its  amount. 

Of  the  combination  and  succession  of  symptoms  which 
constitute  the  state  called  Fever,  it  is  generally  allowed 
that  the  most  uniform  and  characteristic  are  (as  stated  in 
Cullen's  definition  of  Pyrexite)  a  sense  of  coldness  and 
debility,  succeeded  by  increased  heat  of  skin,  and  increased 
frequency  of  pulse,  and  by  a  general  derangement  of  the 
other  functions,  of  which  continued  debility  of  the  volunta- 
ry muscles  is  an  important  part. 

The  general  derangement  of  functions,  during  the  febrile 
state,  may  be  thus  arranged. 

1.  During  the  first,  or  cold  stage  (which  is  almost  always 
observed,  and  always  very  important  to  be  marked,  as  fix- 
ing the  date  of  the  febrile  attack),  there  is  very  generally, 
for  a  short  time,  besides  the  increased  frequency  of  pulse, 
more  or  less  of  depression  or  debility  of  the  heart's  ac- 
tion, and  afterwards  an  increase  of  the  force,  and  sharp- 
ness or  quickness  of  its  pulsations,  as  well  as  of  their  fre- 
quency, to  which  change,  and  the  concomitant  rise  of  tem- 
perature, the  term  Febrile  Reaction  is  properly  applied.  In 
the  decline  (whether  temporary  or  permanent)  of  the  febrile 
state,  the  usual  change  is  in  the  pulsations  becoming  softer, 
or  taking  place  more  slowly,  as  well  as  becoming  less  fre- 
quent ;  but  there  may  be  many  variations  in  the  pulse  in 
the  course  of  fever,  before  that  improvement  takes  place. 

2.  The  functions  of  Secretion,  Exhalation,  and  Nutrition, 
in  all  parts  of  the  body,  are  more  or  less  diminished  during 
the  febrile  state ;  as  appears  from  the  surface  being  more 
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parched,  or  any  sweat  being  temporaty,  and  ineffectual  in 
cooling  the  surface ;  from  the  mouth  and  tongue  being 
clammy,  or  dry,  with  the  feeling  of  thirst ;  from  the  appe- 
tite being  deficient,  and  digestion  imperfect;  from  the 
bowels  being  costive  (unless  there  be  a  special  affection  of 
their  mucous  membrane) ;  from  the  urine,  sometimes  lim- 
pid and  abundant  in  the  cold  stage,  soon  becoming  high 
coloured,  and  often  turbid  and  acrid ;  from  the  morbid  se- 
cretion of  ulcers,  and  the  morbid  exudation  of  eruptions  on 
the  surface,  usually  abating  or  disappearing ;  and  from  the 
general  wasting  of  the  body. 

3.  The  Respiration  is  often  somewhat  irregular,  and  at- 
tended with  a  sense  of  anxiety  in  the  cold  stage  of  fever, 
and  becomes  always  somewhat  more  frequent  than  natural, 
when  the  febrile  reaction  is  established  ;  and  the  Heat  of 
the  surface  becomes  greater  than  natural  at  the  same  time, 
although  by  no  means  in  exact  proportion  to  the  strength 
and  frequency  of  the  pulse. 

4.  The  functions  of  the  Nervous  System  are  very  often 
and  variously  affected  dui'ing  the  febrile  state.    1.  The  sen- 
sations are  genei'ally  somewhat  blunted  in  the  first  stage, 
when  the  febrile  depression  is  most  strongly  marked,  and 
often  morbidly  increased,  at  least  partially,  when  the  reac- 
tion is  established.    Pains  of  the  back  and  limbs,  and  more 
especially  of  the  head,  are  also  natural  accompaniments  of 
the  earlier  stages  of  fever,  independently  of  any  inflamma- 
tion in  the  parts  pained.    2.  There  is  in  general  disincli- 
nation to  voluntary  muscular  exertion,  and  debility  on  at- 
tempting it,  so  important  as  to  be  introduced  into  the  ge- 
neral definition  of  Fever ;  but  there  is  occasionally,  during 
the  febrile  state,  especially  when  the  more  active  kind  of 
delirium  is  present,  an  excitement  and  transient  morbid 
energy  of  voluntary  action,  even  when  the  circulation  has 
become  feeble ;  and  there  is  more  frequently,  during  some 
part  of  the  febrile  state,  irregular  and  involuntary  action  of 
the  voluntary  muscles,  tremors,  subsultus  tendinum,  or 
even  convulsions.    3.  There  is  always,  during  fever,  more 
or  less  affection  of  the  mental  faculties ;  at  first  a  degree 
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of  torpor,  which  is  often  succeeded,  when  the  reaction  is  es- 
tablislied,  by  a  morbid  rapidity,  and  more  generally  by  a 
morbid  energy,  of  the  different  mental  acts  composing  the 
train  of  thought,  with  a  peculiar  difficulty  of  exerting  the 
power  of  voluntary  attention,  from  which  there  naturally 
results  some  confusion  of  thought,  and  often  such  halluci- 
nation as  characterizes  delirium  *  ;  and  this  febrile  condi- 
tion of  the  mental  faculties  often  blends  itself  with,  or 
passes  gradually  into  coma. 

It  is  chiefly  by  greater  or  less  predominance  of  different 
parts  of  the  combination  of  symptoms  now  sketched,  that 
the  species  of  varieties  of  Fever  are  distinguished  from  each 
other  ;  and  that  called  Infiammatory  Fever,  which  most 
commonly  attends  inflammation,  is  especially  denoted  by 
the  following  circumstances.  1.  That  the  febrile  reaction 
of  the  vascular  system  is  stronger,  and  more  enduring  ; 

2.  That  there  is  less  dei-angement  of  the  secretions ;  and 

3.  That  there  is  less  disorder  of  the  nervous  system, — than 
in  those  fevers  which  cannot  be  so  distinctly  ascribed  to  lo- 
cal inflammation  as  their  cause.  On  the  other  hand,  when 
the  vascular  reaction  is  feebler,  or  less  permanent,  the  de- 
rangement of  the  secretions  more  obvious,  and  the  ner- 
vous system  earlier  and  more  decidedly  affected,  and  espe- 
cially if  that  affection  shews  itself  by  depression,  and  ten- 
dency to  stupor,  rather  than  by  more  active  delirium,  the 
form  of  fever  is  said'to  be  typhoid. 

Several  other  circumstances,  in  regard  to  the  Fever  which 
accompanies  Inflammation,  demand  notice. 

1.  Although  the  febrile  symptoms  are  generally  regarded 
as  the  effects  of  the  local  inflammation,  and  accordingly, 
are  generally  posterior  to  some  part  of  the  local  symptoms 
in  date,  yet  there  are  instances, — not  only  in  the  case  of  spe- 
cific inflanamations  attending  febrile  exanthemata  (of  which 
the  whole  pathology  is  different), — but  of  simply  inflamma- 
tory diseases,  pneumonia,  cynanche  tonsillaris,  mastodjaiia, 
&c.  where  the  febrile  attack  precedes  any  local  symptoms ;  ' 
and  perhaps  may  contribute  to  excite  them.    And  there  are 

•  See  Physiology,  p.  220. 
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otlier  cases,  pai  ticularly  in  irritable  constitutions,  where  the 
febrile  symptoms  last  for  a  time  (e.  g.  a  few  days),  after  the 
local  symptoms  of  inflammation  have  subsided,  and  where 
these  do  not  recur. 

2,  Although  intense  and  extensive  inflammation  is  usually 
attended  with  high  fever,  and  vice  ve7'sa,  yet  the  proportion 
is  by  no  means  uniform.  The  degree  of  febrile  symptoms, 
attending  a  given  extent  of  inflammation,  is  generally  in- 
creased by  youth,  plethoric  habit,  and  sanguine  tempera- 
ments, and  lessened  by  the  reverse  of  these.  In  some,  even 
vigorous  constitutions,  the  degree  of  fever  excited  by  ac- 
tive inflammation  is  slight;  and  there  are  some  organs, 
as  the  tonsils,  the  inflammation  of  which  is  frequently  at- 
tended with  a  degree  of  fever  quite  disproportioned  to  their 
size,  or  importance  in  the  system. 

3.  Although  the  febrile  symptoms  attending  the  earlier 
stage  of  inflammation  have  generally  the  character  of  in- 
flammatory fevei',  as  above  distinguished,  yet  deviations 
from  this  type  of  fever  are  frequently  seen,  and  may  be  re- 
ferred to  two  heads,  as  they  depend  either,  Jirst,  on  the 
peculiarity  of  the  part  aff^ected,  or  secondly,  on  the  action 
of  some  other  cause  influencing  the  system  simultaneously 
with  the  inflammation  itself. 

Of  the  modification  of  the  fever  of  inflammation  by  the 
part  aff^ected,  the  most  important  instance  is  in  the  case  of 
inflammation  of  the  Stomach  and  Intestines ;  where  the  fever 
is  characterized  by  an  early  and  often  very  rapid  depression 
of  the  heart's  action,  strongly  resembling,  and  evidently  il- 
lustrated by,  the  effect  on  the  heart's  action  of  violent  in- 
juries of  the  abdomen,  which  was  already  considered.  An 
effect  somewhat  similar  results  from  active  inflammation  of 
the  kidneys,  uterus,  bladder,  and  larger  joints. 

The  modification  of  the  fever  of  inflammation  by  the 
action  of  a  concurrent  cause  afi'ecting  the  system,  is  re- 
markably seen,  1.  In  the  case  of  inflammation  from  an  in- 
jury which  has  given  a  violent  shock  or  Concussion  ;  2.  In 
the  case  of  inflammation  occurring  in  a  constitution  in 
which  the  nervous  system  has  been  habitually  influenced 
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by  peculiar  Stimuli,  such  as  alkoliol  taken  in  excess;  3.  In 
tlie  case  of  inflammation  attended  with  the  introduction  of 
peculiar  animal  Poisons  into  the  system. 

In  all  these  cases,  the  fever  attending  inflammation 
shews  a  less  forcible  and  less  enduring  reaction,  and  is  at- 
tended with  more  derangement,  both  of  the  secretions  and 
of  the  functions  of  the  nervous  system,  than  is  usual ;  and 
therefore  assumes,  more  or  less  exactly,  the  form  to  which 
the  term  typhoid  is  applied. 

The  state  of  the  Blood  which  usually  attends  inflamma- 
tion, of  considerable  intensity,  is  that  in  which  it  shews  the 
Buffy  Coat,  i.  e.  in  which  a  separation,  more  or  less  com- 
plete, of  the  fibrin  from  the  colouring  matter  of  the  crassa- 
mentum  takes  place  spontaneously  during  coagulation. 

It  was  formei'ly  stated,  that  this  separation  does  not  de- 
pend on  the  circumstance  of  slow  coagulation  of  the  blood, 
and  consequent  subsidence  of  the  colouring  matter,  but  that 
there  appears  to  be  in  this  state  a  repulsion  between  the 
particles  of  the  fibrin  and  the  red  matter;  causing  them  to 
sepai'ate  from  each  other  before  the  fibrin  has  become  solid, 
or  in  films  so  thin,  that  they  separate  laterally  instead  of 
vertically.  This  repulsion  may  or  may  not  coexist  with  a 
strong  aggregation  of  the  particles  of  the  fibrin  among 
themselves ;  but  in  most  cases  of  violent  inflammation  there 
is  both  the  complete  separation  and  the  strong  aggregation; 
the  effect  of  which  is  a  buffy  coat,  both  thick  and  strong, 
t.  e.  contracted. 

A  thin  buffy  coat,  implying  imperfect  separation  of  the 
fibrin  from  the  colouring  matter,  usually  attends  cases  of 
slight  or  very  partial  inflammation  only.  A  thick,  but 
loose,  flabby  buffy  coat,  implying  more  separation  from  the 
colouring  jnatter,  but  weak  aggregation  of  the  particles  of 
fibrin  among  themselves,  is  generally  observed  where  ano- 
ther cause  of  general  disease  of  the  system  (e.  g.  conta- 
gious fever)  coexists  with  local  inflammation.  It  appears  • 
from  the  observations  of  Gendrin,  that  the  proportion  of 

albumen  in  the  serum  of  sizy  blood,  and  especially  in  that 
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part  of  the  serum  which  is  entangled  in  the  huffy  coat  it- 
self, is  much  greater  than  in  the  serum  of  healthy  blood. 

The  huffy  coat  is  seen  on  the  blood  in  some  persons, 
chiefly  of  a  plethoric  habit,  without  inflammatory  disease 
existing  in  them,  and  is  often  found  in  the  blood  of  pregnant 
women,  but  in  these  cases  it  is  seldom  thick  or  very  firm. 
The  formation  of  the  huffy  coat,  though  not  dependent  on 
slow  coagulation,  is  of  course  facilitated  by  that  circum- 
stance ;  and  when  coagulation  is  much  hastened,  a  complete 
separation  of  the  parts  of  the  crassamentum  cannot  take 
place.  Hence  blood  which  is  drawn  in  a  small  stream,  or 
spread  over  a  flat  surface,  as  its  coagulation  takes  place 
quickly,  is  not  apt  to  shew  the  huffy  coat;  and  this  is  probably 
also  the  reason  why  blood  drawn  from  weakened  or  faint- 
ing persons,  which  is  more  serous,  and  coagulates  more 
quickly  than  most  venous  blood,  seldom  shews  the  huffy 
coat;  and  why  the  last  drawn  blood  in  a  bleeding  on  ac- 
count of  inflammation,  is  usually  the  least  sizy. 

In  a  few  cases  the  last  drawn  blood  is  the  most  sizy,  and 
that  especially  when  the  pulse,  previously  depressed,  be- 
comes fuller  and  stronger  by  reason  of  the  bleeding;  pro- 
bably because  the  capillary  circulation  becoming  more  free, 
and  more  serum  being  admitted  there,  the  blood  in  the 
large  veins  then  becomes  less  serous,  and  the  coagulation 
takes  place  more  slowly  *. 

Inflammation,  even  when  violent,  generally  lasts  for  a 
day  or  two,  before  it  causes  the  blood  to  shew  the  huffy 
coat.  It  is  not  yet  ascertained  whether  the  blood  in  the 
veins  leading  from  an  inflamed  part,  becomes  sizy  sooner 
than  that  in  other  veins  of  the  body ;  but  microscopical 
observations  on  the  changes  which  take  place  in  the  blood 
in  the  capillary  vessels  of  an  inflamed  part  render  this  sup- 
position probable.  i 

H.  The  concurrence  of  the  symptoms  irfready  considered 
is  generally  sufficient  to  indicate  the  existence  of  inflamma- 
tion, even  when  seated  in  internal  parts;  but  there  arc  al- 
"  See  Fh^fsiology,  p.  40. 
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most  always  more  local  symptoms,  indicating  a  peculiar 
derangement  of  the  function  of  some  particular  organ, 
which  enables  us  more  decidedly  to  fix  on  the  seat  of  the 
inflammation.  These  local  symptoms  are  such  as  denote 
alteration  of  the  function,  either  of  the  part  that  is  inflamed, 
or  of  an  adjoining  part,  or  of  a  part  connected  with  it  in 
function,  or  by  known  sympathies,  although  not  adjacent. 

1.  When  any  internal  part  is  inflamed,  its  own  functions 
are  in  general  perceptibly,  though  somewliat  variously  alter- 
ed. Thus  inflammation  of  the  heart  and  large  arteries 
causes  generally  preternatural,  and  sometimes  irregular 
impulse  of  the  heart,  inflammation  of  the  lungs  causes 
dyspnoea,  and  soon  alters  the  sound  produced  by  the  air  en- 
tering the  lungs;  inflammation  of  the  serous  or  synovial 
membranes  causes  increase  and  alteration  of  the  serum  na- 
turally eff"used  into  these  cavities,  which  often  becomes  ob- 
vious to  the  observer;  inflammation  of  the  mucous  mem- 
brane of  the  air-passages  or  bowels,  leads  to  increased  and 
altered  secretions  there,  and  consequent /jro/Zj/i^m;  inflam- 
mation of  the  serous,  or  perhaps  more  especially  of  the  mus- 
cular coat  of  the  bowels- causes  costiveness  ;  inflammation  of 
the  kidneys  alters  the  composition  of  the  urine,  that  of  the 
bladder  renders  its  excretion  difiicult  and  painful ;  inflam- 
mation of  the  brain  leads  generallj-  to  derangement  of  some 
part  of  its  functions,  to  palsy,  spasm,  delirium,  or  coma: 
inflammation  of  the  eye  or  ear  augments  the  sensibility  to 
light  or  sound,  while  inflammation  of  the  lining  membrane 
of  the  nose  blunts  the  sensibility  to  smells;  inflammation 
of  muscles  or  their  coverings,  or  of  motor  nerves,  greatly 
impedes  or  wholly  prevents  the  motion  of  the  parts  they 
are  destined  to  move. 

But  there  are  many  cases  of  important,  at  least  apparent 
exception  io  this  rule,  especially  in  the  case  of  those  inter- 
nal viscera,  the  whole  of  which  is  not  required  for  tlie  out- 
ward manifestation  of  their  functions.  Thus  a  portion  of 
the  liver  may  be  inflamed,  without  the  flow  of  bile  being 
perceptibly  altered  ;  and  experience  shews,  that  portions 
of  the  lungs,  and  of  the  brain,  may  be  inflamed,  without 


OF  INFLAMMATION. 


403 


the  usual  alteration  of  the  functions  of  these  parts  being 
observed. 

2.  Alteration  of  the  functions  of  parts  adjoining  those 
that  are  actually  inflamed,  is  seen  in  the  painful  and  diffi- 
cult deglutition  caused  by  inflamed  parotids,  tonsils,  or 
larynx,  in  the  painful  and  difficult  descent  of  the  dia- 
phragm, when  the  peritoneum  or  liver  is  inflamed,  &c. 

3.  When  inflammation  of  the  liver  causes  pain  of  the 
right  shoulder,  inflammation  of  the  bladder  pain  at  the 
point  of  the  urethra,  inflammation  of  the  spinal  cord  pain 
stretching  round  the  abdomen,  or  inflammation  of  the  hip- 
joint  pain  at  the  knee,  we  have  examples  of  the  phenome- 
non considered  formerly  under  the  name  of  Sympathetic 
Sensation  :  And  when  inflammation  of  the  brain,  liver, 
stomach,  bowels  (especially  their  serous  coat),  kidneys  or 
bladder,  causes  vomiting,  the  diaphragm  and  abdominal 
muscles  take  on  a  Sympathetic  Action ;  the  sensations  which 
excite  them  to  the  act  of  vomiting  being  excitable  by  irri- 
tation of  all  these  parts.  Again,  when  inflammation  of  the 
mucous  membrane  of  the  trachea  or  bronchiae  causes  vio- 
lent and  painful  cough,  when  that  of  the  colon  or  rectum 
causes  painful  and  ineffectual  tenesmus,  or  that  of  the  mu- 
cous coat  of  the  bladder  causes  strangury,  the  actions  ex- 
cited are  only  an  excessive  degree  of  those  Sympathetic  Ac- 
tions of  various  and  sometimes  distant  muscles,  which  the 
natural  sensations  of  these  parts  excite,  for  useful  and  im- 
portant purposes.  And  in  all  these  cases,  the  sympathetic 
phenomena,  when  coexistent  with  other  symptoms  of  inflam- 
mation, are  an  important  indication  of  its  seat. 

In  concluding  this  sketch  of  the  symptoms  by  which  in- 
flammation is  distinguished  in  its  earliest,  and,  in  a  practi- 
cal view,  its  most  important  stage,  it  is  right  to  notice  the 
circumstances  in  which  it  is  most  common  to  observe  symp- 
toms nearly  resembling  those  of  inflammation,  although  it 
does  not  exist;  and  again,  those  in  which  it  has  been  often 
found  tliat  internal  inflammations  may  exist,  without  their 
usual  indications  being  distinctly  perceived. 

Pains  in  the  most  sentient  parts  of  the  body,  equally  in- 
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tense  as  those  of  inflammation,  occur  pretty  frequentlyr 
especially  in  persons  of  nervous  temperament,  and  in  those 
liable  to  hysteria  and  hypochondriasis,  without  being  con- 
nected either  with  inflammation  or  with  any  perceptible 
change  of  structure.  In  women,  in  whom  the  sanguiferous 
system  is  in  general  easily  excited,  a  part  at  least  of  the 
symptoms  of  general  fever  will  often  accompany  such  ner- 
vous pains.  In  young  persons  especially,  congestions  of 
blood  often  leading  to  haemorrhages,  and  which  will  be  af- 
terwards mentioned  as  specifically  distinct  from  inflamma- 
tions, will  often,  for  a  time,  excite  very  similar  symptoms, 
both  general  and  local.  And  in  children,  fever  is  easily  ex- 
cited, both  by  inflammation  and  other  kinds  of  local  dis- 
eased action,  and  bears  no  fixed  proportion  to  the  degree  of 
local  disease  from  which  it  may  originate. 

On  the  other  hand,  the  cases  in  which  inflammation  is 
attended  with  least  of  its  usual  symptoms,  either  local  or 
general,  are  chiefly  those  in  which  it  afl^ects  internal  parts, 
during  a  state  of  great  debility  and  emaciation,  e.  g.  in  conva- 
lescents from  acute  diseases,  especially  if  advanced  in  life*. 
And  when  occurring  in  the  course  of  a  disease  in  which 
the  sensibility  is  greatly  impaired,  as  in  continued  fevers, 
some  of  the  symptoms  of  inflammation  are  much  concealed. 
It  is  in  these  circumstances  that  the  most  striking  ex- 
amples of  late7it  inflammations,  requiring  peculiar  attention 
in  order  that  they  may  be  recognised,  have  been  observed. 

SECTION  II. 

OF  THE  LOCAL  EFFECTS  AND  TERMINATIONS  OF  INFLAMMA- 
TION, AND  THE  SYMPTOMS  THENCE  RESULTING. 

In  strict  language,  there  are  only  two  termiiiations  of  the 
inflamed  state  of  the  vessels  of  any  part,  visj.  that  by  Reso- 
lution, or  return  of  these  vessels  to  their  previous  condi- 
tion, and  that  by  Mortification  or  sloughing,  i.  e  death  of 

•  Les  pleurisies  les  plus  graves  sont  ces  des  sujets  les  plus  debiles, 
des  cachectiques,  des  hommes  affaiblis  par  des  exces  quelconques,  par  la 
syphilis,  la  goutte,  le  scorbut,  le  cancer,  et  surtout  par  I'age." — Laennec. 
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the  part.  But  it  has  been  already  stated,  that  different  effu- 
sions from  the  inflamed  vessels  take  place  in  almost  every 
case  of  inflammation  ;  these  effusions  very  often  continue, 
and  sometimes  become  the  seat  of  farther  morbid  changes, 
tvfter  the  inflammation  has  subsided  or  been  resolved  ;  and 
hence,  these  effects  of  inflammation  have  often  been  called 
terminations  of  it;  although  most  generally  the  resolution 
of  the  inflammation  does  not  take  place  till  some  time  after 
these  effects  have  appeared. 

I.  In  regard  to  the  termination  of  inflammation  by  reso- 
lution, (which  term  is  applied  whenever  the  effusions  from 
inflammation  are  so  slight  and.  transient  as  to  cause  little 
or  no  inconvenience  and  demand  no  treatment),  several 
facts  demand  attention. 

1.  In  all  parts  of  the  body,  the  spontaneous  tendency 
to  this  termination  of  inflammation  is  strongly  marked, 
{whether  other  consequences  result  from  the  inflammation 
or  not)  although  the  time  within  which  this  tendency 
begins  to  shew  itself,  may  vary  from  a  few  hours  to  many 
<lays  or  weeks,  according  to  the  intensity  of  the  inflamma- 
tion, and  according  to  various  circumstances  which  will  be 
stated  under  the  head  of  Varieties  of  Inflammation. 

2.  When  inflammation  is  established  at  any  part  of  the 
body,  it  very  generally  extends  itself  more  or  less  to  the 
neighbouring  parts,  before  subsiding ;  and  frequently  the 
decline  of  the  inflammation,  in  the  part  first  affectetl,  is  fol- 
lowed by  an  extension  of  it  in  the  surrounding  parts.  This 
extension  is  more  obvious  in  some  varieties  of  inflamma- 
tion, to  be  afterwards  described,  than  -in  others.  The 
extension  of  inflammation  takes  place  more  rapidly  along 
any  one  texture,  than  from  one  texture  to  another  imme- 
diately adjoining;  e.  g.  more  readily  along  the  peritonaeum, 
or  mucous  membrane  of  the  bowels,  than  from  either  of 
these  to  the  other  ;  more  readily  along  the  membrane  lining 
the  bronchiae,  or  along  the  pleurce,  than  from  the  bronchiae 
to  the  substance  of  the  lungs,  or  from  the  pleura  costalis 
outwards ;  although  intense  inflammation  may  spread  rapid 
ly  through  various  textures. 
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It  is  very  remarkable,  that  in  spreading  over  a  single 
texture,  such  as  the  peritoneum  covering  folds  of  intestine, 
inflammation  evidently  extends  itself,  not  only  along  con- 
tinuous surfaces,  but  to  surfaces  adjoining  to,  or  in  contact 
with,  that  first  affected,  although  not  continuous  with  it,  or 
united  with  it  by  any  material  bond  of  union. 

3.  In  some  inflammatory  diseases  there  is  a  peculiar  ten- 
dency of  distant  parts  (generally,  however,  consisting  of  the 
same  or  similar  textures)  to  become  inflamed,  and  run  the 
usual  course  of  inflammation  successively,  as  in  gout,  rheu- 
matism, cynanche  tonsillaris,  or  inflammation  of  the  testes. 

4.  In  a  few  cases  we  observe  a  sudden  and  unusual  re- 
solution of  inflammation  in  a  part  first  affected,  followed 
immediately  by  its  appearance  in  a  distant  part,  to  which 
the  term  metastasis  is  propei'ly  applied.  This  occurs  chiefly, 
perhaps  exclusively,  in  the  case  of  those  inflammations 
which  we  shall  afterwards  describe  as  specific,  i.  e.  as  pre- 
senting decided  marks  of  distinction,  from  the  inflamma- 
tions seen  in  other  instances  in  the  same  parts  or  textures, 
e.  g.  in  Gout,  Rheumatism,  Erysipelas,  Gonorrhcea,  Cy- 
nanche parotid  aea. 

II.  The  first  effect  of  inflammation  in  any  texture,  often 
perceptible  in  the  living  body,  and  more  generally  in  the 
dead  body,  is  Congestion  of  blood  in  the  small  vessels,  with 
some  Effusion  of  the  serous  part  of  the  blood.  Where  the 
symptoms  of  inflammation,  during  life,  have  been  well 
marked,  these  appearances  may  in  some  cases  be  all  that 
may  be  found  after  death.  But  if  no  farther  effects  of  in- 
flammation are  observed,  these  are  not  sufiicient  of  them- 
selves to  entitle  us  to  affirm  that  the  part  has  been  inflam- 
ed ;  as  is  sufficiently  proved  by  what  has  been  formerly  said 
of  the  difficulty  of  judging  even  of  the  congestions  of  blood 
having  taken  place  at  any  distance  of  time  before  dcatli, 
from  such  appeai'ances  only. 

There  is  probably  a  distinction  between  any  appearances 
resulting  from  mere  congestion  of  blood,  and  those  of  ge- 
nuine inflammation  in  its  early  stage,  in  the  colour  of  the  af- 
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fected  parts,  which  in  the  latter  case  is  more  florid ;  but 
this  dilference  is  to  be  depended  on  only  if  the  parts  are  ex-  - 
amiued  within  a  very  short  time  after  death. 

The  A-ery  early  effusion  of  serum  from  inflammation  is 
most  distinctly  seen  in  certain  cases  of  inflammation  af- 
fecting the  skin,  and  in  the  inflammation  of  serous  and 
synovial  membranes,  and  of  the  substance  of  the  lungs,  where 
it-  takes  place  almost  from  ti\e  very  commencement.  The 
effusioii  of  serum  on  the  pleura  causes  in  a  very  short  time 
the  dull  sound  on  percussion,  and  the  absence  of  respirato- 
ly  murmur,  at  that  part  of  the  chest,  and  in  some  such 
cases,  while  the  quantity  effused  is  still  small,  the  modifi- 
cation of  the  voice,  heard  when  the  ear  is  applied  to  that 
spot,  and  termed  CEgophony,  may  be  distinctly  perceived. 
The  effusion  of  serum  into  the  cells  of  the  lungs  causes 
the  modification  of  the  respiratory  murmur  called  Rale 
crepitant,  which,  however,  is  a  symptom  of  short  duration, 
and  is  followed  by  total  suppression  of  the  murmur.  The 
same  effusion  takes  place  behind  the  mucous  membrane  of 
the  air  passages,  in  cases  of  oedema  of  the  glottis,  consequent 
on  inflammation  there,  and  often  rapidly  fatal ;  and  to  the 
same  cause  we  must  ascribe  the  increased  quantity,  diminish- 
ed consistency,  and  altered  qualities,  of  the  secretion  of  the 
mucous  membranes  soon  after  the  commencement  of  inflam- 
mation in  them ;  and  the  diminished  cohesion,  or  softening, 
from  incipient  inflammation  in  these  membranes,  and  in  most 
of  the  parenchymatous  viscera, — the  brain,  liver  or  kidneys. 
Part  of  the  swelling  in  inflammation  of  the  cellular  tex- 
ture is  owing  to  the  same  effusion,  and  there  are  some 
cases  in  which  oedema,  extending  to  some  distance  from 
the  inflamed  part,  is  consequent  on  inflammation  of  the  cel- 
lular texture.  But  the  serous  effusions  of  the  first  stage  of 
true  inflammation  are  mo?'e  limited  in  extent  than  dropsi- 
cal, effusions,  and  are  quickly  followed  by  other  exudations. 
No  great  extent  of  dropsical  effusion  is  ever  the  effect  of 
local  inflammation  only ;  although  we  shall  afterwards  find 
that  different  inflammatory  diseases,  by  the  obstructions  to  the 
free  movement  of  tlie  blood  which  they  ultimately  produce 
01-  aggravate,  frequently  assist  in  the  production  of  dropsy. 
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III.  As  inflammation  advances,  it  would  appear  that  the 
fluid  effused  from  the"  vessels  becomes  of  a  thicker  or  more 
gelatinous  consistence,  and  there  is  soon  a  distinct  efi^usiou 
of  the  coagulable  lymph  of  the  blood,  characterizing  the 
Adhesive  stage  of  the  inflammation. 

This  effect  of  inflammation  is  most  distinctly  seen  in  the 
formation  of  adventitious  membranes,  which  are  frequently 
found  on  the  free  surface  of  the  serous  membranes  when 
inflamed,  and  by  which  the  opposing  parts  of  that  surface, 
in  the  thorax  or  abdomen,  are  often  united.    But  a  similar 
deposit  is  often  seen  on  the  surface  of  the  skin,  from  intense 
inflammation  and  vesication,  and  often  likewise  succeeds 
inflammation  of  the  mucous  membranes  in  some  parts  of 
the  body,  as  in  the  larynx  and  trachea  in  croup,  or  in  parts 
of  tlie  great  intestines  in  dysentery.    It  is  by  a  similar 
exudation  of  coagulable  lymph  on  the  surface,  or  into  the 
interstices  of  textures,  that  either  the  membranes  already 
mentioned,  or  the  fibrous  or  synovial  membranes,  become 
thickened  and  corrugated ;  that  the  cornea  becomes  white 
and  opaque,  or  the  iris  partially  loaded,  discoloured  and 
irregular  ;  that  the  cellular  substance  in  any  part  becomes 
dense  and  hard,  in  common  phlegmonous  inflammation, 
and  in  many  cases  of  erysipelas  also ;  that  the  spongy 
texture  of  the  lungs  becomes  mottled  with  reddish  or 
whitish  granulations,  in  what  is  usually  called  hepatisation 
from  peripneumony  ;  and  that  enlargement  and  condensa- 
tion of  other  of  the  parenchymatous  vicera  result  from 
their  inflammation,  and  precede  the  other  consequences  of 
that  process.    Where  the  bloodvessels  or  valves  connect- 
ed with  them  are  themselves  inflamed,  a  similar  exudation 
thickens  these  coats,  and  often  lines  part  of  their  inner  sur- 
face, and  obstructs  the  flow  of  blood  along  them.    And  in 
all  textures,  when  ruptured  or  lacerated,  this  kind  of  effu- 
sion, consequent  on  the  inflammation  excited,  is  the  most 
essential  step  towards  the  reparation  of  the  injury. 

The  lymph  thrown  out  is  probably  always  at  first  serai- 
fluid,  and  is  soft  and  flocculent  for  some  time,  but  the  se- 
rous part  of  the  effusion  is  soon  absorbed,  and,  if  the  inflam- 
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mation  proceeds  no  farther  than  this  stage,  the  fibrin  eft'u- 
sed  becomes  gradually  of  firmer  consistence,  and  soon 
shrinks  remarkably  in  bulk.  From  this  cause,  there  is  fre- 
quently much  hardening  of  various  parts  of  the  body,  as 
of  the  skin  and  other  membranes,  and  of  different  viscera, 
consequent  on  their  inflammation,  after  it  has  lasted  some 
time,  and  especially  when  it  has  not  been  A^ery  intense. 

In  some  cases,  much  of  the  colouring  matter  of  the  blood 
is  thrown  out  with  the  coagulable  lymph  on  inflamed  sur- 
faces. This  takes  place  especially  in  the  cells  of  the  lungs 
in  peripneumony,  on  the  serous  membranes  of  the  chest  in 
certain  pleurisies,  and  on  the  mucous  membrane  of  the 
great  intestines  in  dysentery.  And  in  most  cases,  when 
the  eflFusion  of  lymph  has  been  considerable,  reddish  strife 
are  seen  in  it  after  a  time;  and  these  subsequently  assume 
the  appearance  of  small  vessels,  stretching  across  the  ef- 
fused lymph,  generallyin  a  pretty  straight  direction,  contain- 
ing fluid  blood,  and  communicating  freely  with  the  vessels 
of  the  textures  originally  inflamed.  The  power  of  forming 
these  vessels  in  the  lymph  efi'used,  is  the  vital  property  to 
which  the  term  plasticity  has  been  applied.  When  this  is 
the  case,  the  matter  eff'used  has  the  appearance  and  pro- 
perties of  condensed  cellular  substance,  so  that  the  ulti- 
mate result  of  this  adhesive  inflammation  is  to  make  this 
addition  to  the  organized  textures  of  the  body. 

There  is  very  great  variety  in  the  length  of  time  requi- 
site for  these  effects  of  inflammation  to  take  place.  There 
are  many  instances  of  intense  inflammation,  in  which  much 
solid  lymph  is  thrown  out,  within  thirty-six  hours  from 
the  commencement  of  inflammation;  aud  cases  have  been 
quoted,  in  which  it  was  thought  that  the  vascular  organiza- 
tion of  such  lymph  has  been  effected  within  that  time,  but 
in  general  it  would  seem  that  several  days  are  necessary 
for  this  last  process. 

It  is'  by  this  inflammatory  exudation,  and  subsequent 
organization  of  lymph,  that  the  permanent  adhesion  of  sur- 
faces which  have  been  inflamed  is  effected, — that  parts, 
recently  removed  from  the  living  body,  may  be  reunited  to 
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any  surface,  which  is  in  the  requisite  stage  of  inflamma- 
tion,— that  permanent  additions  are  often  made,  by  attacks 
of  inflammation,  to  the  thickness  or  bulk  of  membranes 
and  other  textures,  and  that  wounds  are  healed,  and  ulcers 
filled  up,  and  all  bi'eaches  of  texture  permanently  repaired; 
a  part  of  the  matter  which  is  effused  in  these  last  cases 
gradually  assuming  the  appeai-ance  and  properties  of  the 
texture  which  has  been  removed.  The  conditions  most 
favourable  to  this  effect  of  inflammation,  are  a  moderate  de- 
gree of  the  inflammation,  a  certain  vigour  of  vascular  action, 
seclusion  from  air,  and  the  absence  of  all  other  irritations. 

Coagula  of  entire  blood,  effused  on  living  parts,  have  ap- 
peared in  some  cases  to  become  vascular  and  organized, 
but  certainly  are  in  general  easily  absorbed  again,  and  do 
not  undergo  that  change  nearly  so  readily  as  the  effusions 
of  lymph  from  inflammation. 

Various  facts  prove,  not  only  in  the  case  of  injury  of 
bone,  but  likewise  of  some  of  the  soft  textures,  (as  the  skin 
and  mucous  membranes),  that  the  matter  which  thus  as- 
sumes the  properties,  and  repairs  the  losses  of  the  texture 
that  has  been  injured,  is  thrown  out  not  only  by  the  vessels 
of  that  texture  itself,  but  likewise  in  part  by  those  of  ad- 
joining textures,  which  have  taken  on  this  form  of  inflam- 
mation. In  cases  of  disease  it  jjrobably  often  happens,  that 
the  matter  thus  thrown  out  by  inflammation,  instead  of 
assimilating  itself  to  the  texture  which  has  been  injured, 
either  acquires  the  properties  of  other  textures,  or  de- 
generates into  structures  which  differ  from  any  found  in 
the  healthy  body. 

IV.  The  next  effect  of  inflammation  is  Suppuration  or  the 
effusion  of  Pus,  which  is  at  once  distinguished  by  its  opa- 
city, fluidity,  and  yellowish-white  colour,  and  appears,  on 
minute  examination,  to  contain  great  numbers  of  globules, 
somewhat  larger  than  those  of  the  blood,  and  shewing  as 
little  tendency  to  cohere  together  as  those  of  the  blood  in 
the  living  body  do. 

In  some  instances,  pus  gradually  mixes  itself  with  the 
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effusion  of  serum  in  inflamed  parts,  without  other  change ; 
but  most  generally,  the  formation  of  pus  is  preceded  both 
by  effusion  of  serum  and  of  coagulable  lymph ;  and  the  pu- 
rulent effusion  is  bounded  more  or  less  definitely  by  the 
lymph  thrown  out  around  it,  so  that  if  the  abscess  forming 
be  near  the  surface,  fluctuation  becomes  perceptible  in  it ;  as 
in  the  case  of  common  abscesses  in  the  cellular  membrane, 
where  the  pus  is  formed  in  the  centre  of  the  part  previously 
hardened  by  effused  lymph ;  or  in  the  case  of  pustular 
eruptions  (such  as  smallpox)  on  the  skin,  which  are  set 
on  a  hardened  base,  formed  chiefly  by  effused  lymph. 

In  the  advanced  stages  of  inflammation  of  the  skin,  cel- 
lular membrane,  fibrous  and  synovial  membranes,  serous 
membranes  of  the  head,  chest  or  abdomen,  parenchymatous 
viscera,  and  bloodvessels,  effusions  of  pus  are  very  gene- 
rally found  mixed  with  the  adhesive  lymph  that  has  been 
thrown  out,  but  in  very  various  modes  and  proportions  in 
different  cases,  and  in  inflammation  of  different  textures. 
On  the  skin  and  serous  membranes  it  is  often  thrown  out 
for  a  length  of  time,  and  in  much  larger  quantity  than  the 
lymph ;  in  the  substance  of  the  viscera  it  is  formed  more 
sparingly,  and  when  formed,  seems  to  distend  and  narrow 
the  cysts  of  lymph  by  which  it  is  surrounded  more  gra- 
dually. In  the  cellular  texture  of  the  lungs  it  is  seldom 
formed,  in  consequence  of  active  inflammation,  into  cir- 
cumscribed abscesses,  but  is  gradually  infiltrated  or  dif- 
fused througli  the  whole  inflamed  part.  On  the  mucous 
membranes  of  the  air-passages  (including  the  tunica  con- 
junctiva of  the  eye),  and  urinary  passages  only,  it  is  fre- 
quently effused  and  mixed  with  the  other  secretions  of  the 
parts,  even  from  simple  or  healthy  inflammation,  without 
any  previous  distinct  exudation  of  plastic  lymph.  In  all 
other  textures,  when  the  effusion  from  inflammation  is 
puriform  only,  it  may  probably  be  concluded  that  the  inflam- 
mation is  of  a  peculiar  or  specific  character. 

The  length  of  time  requisite  for  inflammation  to  last  be- 
fore pus  is  distinctly  formed,  varies  from  a  few  hours  (in 
the  case  of  the  urethra)  to  several  weeks.    The  length  of 
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time  that  suppuration,  once  established,  may  continue  in  a 
part,  is  still  more  various ;  and  the  intensity  of  the  inflam- 
matory symptoms  that  may  precede  or  accompany  the  sup- 
puration, bears  no  fixed  proportion  to  its  amount  or  duration. 

When  the  formation  of  pus  ceases,  in  a  circumscribed 
abscess,  the  cavity  is  gradually  filled  up,  partly  by  the  sur- 
rounding parts  that  had  been  compressed  regaining  their 
previous  form  and  bulk,  and  partly  by  the  organization 
and  subsequent  contraction  of  portions  of  the  lymph  thrown 
out  along  with  or  after  the  pus,  and  which  take  the  form 
of  granulations. 

The  effusions  of  adhesive  plastifc  lymph,  and  of  fluid 
pus,  from  inflammation,  are  very  distinct  in  their  progress 
and  efi^ects,  but  in  their  origin  it  is  obvious  that  they  are 
very  closely  allied.  In  cases  of  pleurisy  or  peritonitis,  de- 
tached flakes  of  lymph,  mingling  with  the  serous  effusion, 
appear  to  constitute  the  first  step  to  the  formation  of  pus ; 
and  in  rapidly  fatal  cases  of  various  inflammatory  diseases^ 
the  glutinous  exudation  that  is  found  often  appears  to  be  in- 
termediate betwixt  lymph  and  pus.  On  the  surface  of  the 
body,  it  has  been  observed  that  the  character  of  the  in- 
flammatory exudation  is  much  determined  by  the  circum- 
stance of  exposure  to  the  air,  the  same  surface  which 
throws  out  pus  when  exposed,  forming  plastic  lymph  when 
protected  from  the  air.  And  the  same  influence  of  expo- 
sure to  air,  in  promoting  the  formation  of  pus,  may  be  ob- 
served in  comparing  the  effect  of  inflammation  of  the  free 
surface  of  the  mucous  membrane  of  the  urethra,  in  gonor- 
rhcea,  with  that  of  the  attached  surface  of  the  same  mem- 
brane, which  causes  exudation  of  lymph,  and  so  leads  to 
stricture.  So  also  that  inflammation  of  the  pleura,  which 
is  consequent  on  admission  of  air  into  the  cavity  of  the 
chest,  leads,  more  surely  than  any  other,  to  copious  puru- 
lent effusion,  or  empyema;  and  in  the  later  stages  of 
pneumonia,  if  the  patient  live  so  long,  much  of  the  lymph 
thrown  out  into  the  air-cells  appears  to  be  converted  into 
pus,  constituting  the  purulent  infiltration  which  has  been 
described  as  the  third  effect  of  inflammation  there. 
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III  those  instances,  and  in  those  parts  in  which  the  effu- 
sion of  pus  is  not  distinctly  bounded  and  circumscribed  by 
effused  lymph,  its  effect  is  naturally  to  soften  the  textures 
in  whicli  it  occurs,  as  is  seen  especially  in  the  purulent  in- 
filtration of  the  lungs,  and  in  the  yellow  softening  of  the 
brain  ;  sometimes,  also,  in  purulent  infiltration  into  the  sub- 
cutaneous cellular  membrane,  or  into  that  which  unites  the 
coats  of  the  intestines.  Such  changes  are  generally  the  effect 
of  a  longer  continuance  of  inflammation,  than  the  softening 
or  serous  infiltration  only;  but  they  denote  a  shorter  and 
more  violent  inflammatory  action  than  the  chronic  indura- 
tion of  textures  by  effused  lymph,  already  mentioned.  That 
both  the  softening,  with  infiltration  of  reddisli  or  brownish 
serum,  and  the  softening  with  infiltration  of  yellowish  or 
greenish  pus,  in  nervous  matter,  are  effects  of  inflamma- 
tion, appears  most  clearly  from  this,  that  they  may  clearly 
and  speedily  result  from  mechanical  injury. 

V.  The  inflammatory  effusions,  and  especially  that  of  pus, 
are  always  attended  with  more  or  less  of  Absolution,  first 
of  the  seriim  originally  effused,  and  afterwards  of  the 
lymph  which  surrounds  and  limits  the  suppuration,  and  of 
part  of  the  purulent  matter  itself.  The  maturation  of  a 
pustule  of  small-pox,  or  other  cutaneous  suppuration,  and 
the  enlargement  of  the  cavity  of  an  abscess,  and  its  pro- 
gress towards  the  surface  of  the  body  (the  intervening  tex- 
tures, and  ultimately  the  shin,  disappearing  to  make  way 
for  it),  sufficiently  illustrate  the  amount  of  absorption 
which  necessarily  attends  this  effect  of  inflammation.  But 
very  frequently  the  absorption,  both  of  the  lymph  effused, 
and  of  the  surrounding  textures,  that  coexists  with  the  ad- 
vanced stages  of  inflammation,  takes  place  in  a  greater  de- 
gree, and  more  irregularly,  than  is  requisite  for  any  useful 
purpose,  and  the  process  is  then  said  to  be  attended  by  Ul- 
ceration. 

The  destruction  of  the  solids  of  the  body  by  ulceration 
takes  place  with  very  different  rapidity  in  different  tex- 
tures, and  in  different  circumstances;  and  it  is  always  ob- 
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vious,  that  the  intensity  of  the  preceding  inflammation,  and 
the  extent  of  the  other  effects  resulting  from  it,  are  by  no 
means  the  only  conditions  which  determine  the  degree  of 
the  ulceration.  It  is  common  on  the  surface  of  the  body, 
both  in  the  skin  and  cellular  membrane,  and  common  in 
the  mucous  membrane  of  the  alimentary  canal, — includ- 
ing the  fauces.  It  is  common  also  in  bones,  and  in  car- 
tilages that  have  had  osseous  matter  morbidly  deposited  in 
them  by  an  inflammatory  action  ;  in  the  lungs,  and  in  the 
inner  membrane  of  arteries;  but  it  is  not  so  clearly  the 
effect  of  mere  inflammation  and  suppuration  in  these  cases. 
It  takes  place,  in  all  parts  of  the  body,  more  readily  in  so- 
lids recently  formed  by  inflammatory  exudation,  tlian  in 
any  of  the  original  textures.  There  are  some  textures, 
again,  which  seldom  ulcerate,  and  often  resist  and  limit 
the  extension  of  that  process ;  particularly  the  fibrous  tex- 
ture in  all  its  forms,  the  serous  membranes,  and  the  outer 
coat  of  arteries.  These  peculiarities  are  often  observ-ed, 
and  have  important  consequences  in  disease. 

The  occurrence  of  ulceration  in  consequence  of  inflam- 
mation, is  veiy  often  determined  by  causes  which  are  suffi- 
ciently understood,  especially  by  such  as  stimulate  and  ir- 
ritate parts  already  inflamed  (as  is  done  by  the  continued 
contact  of  any  foreign  body)  ;  and  such  as  enfeeble  the  cir- 
culation, either  generally  or  locally,  before  and  during  the 
excitement  of  inflammation.  There  are  certain  specific 
kinds  of  inflammation,  to  be  mentioned  afterwards,  in 
which  the  tendency  to  ulceration  is  greater,  and  more  uni- 
form, than  in  simple  inflammation. 

As  ulceration,  consequent  on  inflammation,  is  very  gene- 
rally preceded  by  effusion  of  plastic  lympli,  so  it  is  attend- 
ed by  more  or  less  of  that  effusion  which  forms  the  little 
vascular  and  organized  eminences,  called  Granulations. 
When,  therefore,  inflammation  has  advanced  to  this  stage, 
it  has  established  three  vital  processes,  which  go  on  simul- 
taneously, and  all  of  which  are  new  to  the  part  that  has 
become  inflamed, — the  exudation  of  plastic  lymph,  the  ef- 
fusion of  pus,  and  the  ulcerative  absorption.    By  the  utc- 


OF  INFLAMMATION. 


415 


giilar  growth  of  the  granulations,  and  the  irregular  or  vary- 
ing extent  of  the  ulcerative  ahsorption,  the  surface  of  an 
ulcer  is  necessarily  rendered  uneven ;  and  ultimately  the 
healing  of  the  ulcer  is  effected  hy  the  process  of  exudation 
and  organization  of  lymph  prevailing  over  the  contrary 
process  of  destruction  of  solids. 

The  degree  in  which  these  opposite  processes  shew  them- 
selves, either  over  the  surface  or  in  any  part  of  the  ulcer, 
admits  of  great  variety.  When  the  wasting  by  ulcerative 
absorption  is  most  rapid,  and  there  is  little  or  no  renova- 
tion of  solid  matter,  the  ulcer  is  said  to  be  phagedenic ; 
when  the  ulceration  is  attended  with  partial  mortification, 
portions  of  the  solid  textures  separating  entire  from  the 
rest,  the  case  is  one  of  sloughing  ulcer ;  when  the  process 
goes  on  slowly,  the  lymph  thrown  out  at  the  base  and 
around  the  edge  of  the  ulcer  becomes  hardened,  and  the 
granulations  on  its  surface  are  deficient,  and  the  ulcer  is 
said  to  be  callous,  or  indolent ;  and  again,  when  the  granu- 
lations are  larger  and  softer  than  usual,  and  require  to  be 
repressed,  in  order  that  the  healing  of  the  sore  may  be  ef- 
fected, we  have  the  variety  called  the  fungous  ulcer.  All 
these  varieties  may  occur  in  ulceration  following  the  usual 
and  simple  form  of  inflammation. 

There  is  a  very  important  difference  between  the  morbid 
actions  of  Suppuration  and  Ulceration,  once  fairly  esta- 
blished, and  the  morbid  action  of  Inflammation  not  yet  ad- 
vanced beyond  tlie  earlier  effusions  of  serum  and  lymph,  as 
to  the  degree  in  which  these  actions  depend  on  the  quantity 
of  blood  that  visits  the  parts  affected ; — the  process  of  in- 
flammation, in  its  earlier  stages,  being  very  certainly  re- 
strained or  arrested  by  diminution  in  that  quantity;  where- 
as the  loss  of  blood,  although  it  often  prevents  the  exten- 
sion of  suppuration  and  ulceration  to  parts  not  yet  affected, 
is  generally  found  ineffectual  in  checking  the  formation  of 
pus,  where  that  has  been  already  established;  and  is  often, 
as  may  be  judged  from  what  has  been  said  as  to  granula- 
tions, unfavourable  to  the  healing  of  ulcers. 

There  arc  a  few  cases  where  inflammation,  (e.  g.  of  the 
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testis,  or  of  muscular  fibres),  nCter  it  has  caused  some  effu- 
sion of  lymph,  is  followed,  not  by  the  ulcerative  absorption 
now  considered,  but  by  a  simple  increase  of  the  natural  ab- 
sorption of  the  part,  producing  mere  wasting. 

VI.  The  termination  of  inflammation  in  Gangrene,  and 
then  in  complete  Sphacelus,  or  in  Mortification,  is  denoted  by 
the  part  inflamed  becoming  gradually  cold  and  insensible, 
and  the  circulation  in  it  ceasing.  This  change  genei'ally  takes 
place  in  the  parts  that  had  bean  most  inflamed,  while  the 
surrounding  parts  are  still  in  a  state  of  active  inflammation. 
It  is  usually  attended  with  softness  and  flaccidity  of  the 
affected  parts,  with  a  gradual  change  of  colour  to  purple 
and  then  to  black,  and  ultimately  with  putrescence  and  a 
cadaverous  smell.  But  in  some  cases,  chiefly  of  slow  pro- 
gress, as  in  the  gangrene  from  the  use  of  diseased  grain, 
the  parts  affected  are  hard  and  dry,  and  hardly  become 
putrid  ;  and  in  many  cases  mortification,  especially  when 
partial,  is  unattended  with  blackness.  Gangrene  on  the  sur- 
face of  the  body  often  takes  place  in  connexion  with  serous 
effusion,  and  the  vesicles  formed  are  then  coloured  purple 
or  black. 

Mortification  is  observed  in  consequence  of  inflammation 
frequently  in  the  different  textures  on  the  surface  of  the 
bodvs  and  in  the  mucous  membrane  of  the  alimentary  ca- 
nal, occasionally  in  the  serous  membrane  of  the  abdomen, 
and  in  the  substance  of  the  lungs;  rarely  in  other  inter- 
nal organs,  excepting  in  cases  of  inflammation  from  in- 
jury. Mortification  of  the  bones,  either  in  the  partial  form 
termed  Exfoliation,  or  in  the  more  general  form  called 
Necrosis,  is  a  common  effect  of  inflammation,  especially 
about  the  central  parts  of  the  long  bones;  but  the  whole 
process  is  very  slow  in  that  texture. 

This  effect  of  inflammation  is  much  less  uniform,  in  .any 
texture,  than  the  others,  occurring  in  very  various  degrees, 
and  at  very  various  periods,  from  the  commencement  of  the 
disease,  in  different  cases ;  and  hence  there  is  a  manifest 
presumption  that  its  occurrence  is  determined  by  other 
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conditions  in  the  state  of  the  patient,  besides  the  existence 
or  the  intensity  of  the  inflammation.  Accordingly,  various 
causes  have  been  observed  to  increase  remarkably  the  dispo- 
sition to  this  effect, — the  general  tendency  of  all  which  may 
be  said  to  be,  to  weaken  the  circulation  in  the  affected  part. 

Thus  inflammation,  e.  g.  that  from  the  irritation  of  a 
blister,  at  a  distance  from  the  heart,  is  more  apt  to  run  to 
gangi-ene  in  a  feeble  habit,  than  on  the  chest.  The  de- 
pending position  of  a  part,  impeding  the  action  of  blood 
from  it ;  a  ligature  compressing  the  veins  leading  from  it, 
or  a  fibrous  membrane  firmly  enveloping  it,  may  give  the 
tendency  to  gangrene  from  its  inflammation ;  and  the  same 
tendency  is  often  observed,  if  the  arteries  leading  to  a  part 
are  so  injured  by  disease  as  to  become  rigid,  and  unable  to 
maintain  a  vigorous  circulation  through  it. 

The  inflammation  excited  by  a  violent  stroke  or  injury, 
by  heat,  by  cold,  by  electricity,  and  by  certain  poisons 
(pai*ticularly  animal  poisons),  is  very  apt  to  go  to  gangrene, 
if  these  causes,  at  the  same  time  that  they  excited  the  in- 
flammation, have  had  the  effect  of  manifestly  weakening 
the  circulation  ;  as  in  what  has  been  called  traumatic  gan- 
grene succeeding  violent  concussions,  in  severe  burns,  or 
frost-bite,  in  the  bites  of  venomous  serpents,  and  in  the 
efi*ects  of  some  poisoned  wounds  received  in  dissection.  In 
like  manner,  any  inflammation,  external  or  internal,  which 
may  attend  or  immediately  succeed  a  contagious  febrile 
disease,  where  the  circulation  is  much  weakened, — typhoid 
fever,  small-pox,  scarlatina,  or  measles,  the  worst  forms  of 
erysipelas  or  dysentery,  the  yellow-fever,  or  the  plague, — is 
more  apt  than  other  inflammations  to  run  to  gangrene. 
The  same  is  true  of  inflammation  on  the  surface  of  the 
body  co-existing  with  dropsy  or  with  palsy,  when  the  circu- 
lation there  is  feebJe. 

Inflammation  affecting  the  stomach  and  intestines  has 
more  tendency  to  gangrene  than  in  any  other  internal  part; 
and  this  co-exists  with  tlic  peculiar  depression  of  the  circu- 
lation, which  characterizes  the  fever  attending  inflamma- 
tion of  these  parts. 
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In  some  instances,  the  tendency  to  this  termination  of 
inflammation  would  seem  to  depend  on  no  other  cause  than 
unusual  intensity  of  the  inflammation,  as  in  the  case  of  the 
Egyptian  or  gonorrhoeal  ophthalmia,  tending  to  sloughing 
of  the  cornea,  or  of  unusually  violent  syphilitic  inflamma- 
tion of  the  genitals;  but  it  is  seldom  that  extensive  gan- 
gi-ene  can  be  refen-ed  to  this  cause  only. 

Wlien  Gangrene  has  commenced  in  any  part,  it  must  be 
expected  to  extend  somewhat,  and  sometimes  it  spreads 
very  rapidly,  especially  when  the  body  is  under  the  in- 
fluence of  a  powerful  cause  of  weakness  or  depression.  But 
in  more  favourable  cases,  a  line  is  gradually  formed  along  or 
around  the  parts  in  the  state  of  gangrene,  which  feels 
hard,  and  is  in  a  state  of  adhesive  inflammation.  At  this 
line  there  is  an  eff^usion,  first  of  serum,  then  of  pus,  and 
ulceration  is  established,  by  which  a  fissure  is  formed  be- 
tween the  living  and  dead  parts,  and  the  latter  are  loosened 
and  detached.  Thus  the  adhesive  inflammation,  followed 
by  suppuration  and  ulceration,  sets  bounds  to  the  extension 
of  gangrene.  The  adhesive  inflammation  extends  to  the 
vessels  of  the  part,  which  are  closed  by  lymph  eff^used 
from  their  coats  at  the  point  of  separation  of  the  living 
matter  from  the  dead  ;  and  it  is  to  this  circumstance,  rather 
than  to  the  coagulation  of  the  blood  which  stagnates  in  the 
vessels,  that  we  must  ascribe  the  frequent  separation  of  large 
sloughs,  without  haemorrhage  from  the  divided  arteries. 

When  Inflammation  aff^ects  the  internal  parts  of  the  body, 
and  the  changes  consequent  on  it  are  concealed  from  view, 
it  is  of  great  importance  to  ascertain  the  time,  when  the 
difl^erent  eff'ects  now  considered  have  already  resulted  from 
it,  and  become  so  important  as  to  demand  the  chief  atten- 
tion of  the  practitioner.  This  period,  of  course,  cannot  be 
accui'ately  defined,  because  some  of  the  effects  of  inflam- 
mation commence  almost  from  the  beginning  of  the  dis- 
eased action ;  and  the  activity  of  the  inflammation  is  by  no 
means  necessarily  at  an  end  after  its  effects  have  become 
obvious  and  considerable ;  but  it  is  always  possible  and  im- 
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portaut  to  mark  the  transition  from  that  stage  of  any  in- 
flammatory disease,  where  the  symptoms  of  the  inflamma- 
tory action  itself  are  the  most  prominent,  to  that  stage 
where  the  most  urgent  symptoms  depend  on  efi'ects  already 
produced  by  the  inflammation,  and,  for  the  time  at  least, 
irremediable. 

If  there  has  been  a  well-marked  attack  of  inflammatory 
disease,  and  it  has  proceeded,  unchecked  by  any  adequate 
treatment,  for  a  few  days,  it  may  always  be  presumed,  that 
its  efi'ects  have  already  become  of  such  amount,  as  to  eni- 
barrass  materially  the  functions  of  the  parts  aff'ected,  even 
if  the  inflammation  wei'e  itself  at  an  end.  And  the  most 
general  indication  that  can  be  observed  in  inflammatory 
diseases,  of  their  having  advanced  to  this  stage,  is  the 
continuance  or  increase  of  those  symptoms  which  denote 
derangement  of  the  functions  of  the  parts,  after  the  febrile 
action  of  the  circulating  system  has  become  enfeebled,  or 
nndei'gone  a  material  change. 

Thus,  in  the  case  of  inflammation  within  the  Cranium, 
if  the  delirium,  or  tendency  to  coma,  continue  and  increase 
after  the  pulse  has  become  slow  or  irregular,  and  the  skin 
cool,  there  is  much  probability  of  eff*usion  of  serum  having 
already  taken  place,  whether  with  or  without  other  disor- 
ganization. 

In  the  case  of  inflammation  of  the  Air-passages,  or  the 
substance  or  covering  of  the  Lungs,  if  the  afl^ection  of  the 
breathing  thence  resulting  continues  or  increases,  while 
the  pulse  becomes  somewhat  feebler,  and  the  heat  of  skin 
is  somewhat  lowered,  then  it  may  be  a  general  presump- 
tion, that  the  state  of  the  breathing  depends  more  on  the 
efi'ects  of  inflammation  already  produced,  than  on  inflam- 
matory action  itself.  But  more  precise  information  may 
in  this  case  be  very  often  obtained. 

Wiien  there  is  any  considerable  inflammatory  cff'usion 
between  the  Pleura  pulmonalis  and  costalis,  on  one  side  of 
the  chest,  the  most  cliaracteristic  effects  are,  that  the  ex- 
pansion of  all  that  side  of  the  chest  in  inspiration  becomes 
imperfect,  and  there  is  in  general  diflSculty  of  lying  on  the 
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otlier  side, — that  the  sound  produced  by  percussion  of  it 
becomes  dull,— and  the  respiratory  murmur  in  it  becomes 
faint  or  inaudible.  When  a  large  portion  of  the  substance 
of  one  Lung  becomes  condensed  by  inflammation,  tlie  same 
changes  are  observed,  but  take  place  more  gradually,,  and 
the  two  last  less  completely ;  and  besides,  in  this  case  the 
expectoration  is  more  copious,  and  becomes  viscid,  gene- 
rally stained  with  blood,  and  ultimately  often  puriform. 
When  inflammation  within  the  chest  is  confined  to  the 
mucous  membraneof  theBronchise,  the  expectoration  is  often 
still  more  copious,  but  its  changes  take  place  more  slowly, 
and  it  is  hardly  ever  stained  so  completely  with  blood ;  the 
natural  respiratory  murmur  is  obscured  by  the  rales  pro- 
duced by  the  thickening  of  the  membrane,  and  increased 
effusion  of  mucus  upon  it ;  and  the  indications  above 
stated  of  effusion  exterior  to  the  lungs,  or  condensation  of 
their  substance,  ai*e  wanting. 

When  either  the  external  covering,  or  internal  lining,  of 
the  Heart  has  beeti  inflamed,  if  the  general  febrile  symptoms 
either  decline,  or  undergo  a  manifest  change,  by  increase 
of  debility,  while  the  action  of  the  heart  continues  preter- 
naturally  strong,  and  is  felt  farther  over  the  chest  than 
natural,  or  its  sounds  altered  from  the  natural  condition, — 
the  presumption  is,  that  there  is  already  either  inflammatory 
effusion  on  the  surface  of  the  heart,  or  that  change  on 
some  of  the  valves,  or  lining  membrane  of  the  aorta,  of 
which  the  essential  characters  are,  increased  thickness,  ri- 
gidity, and  corrugation^  And  in  either  case  the  alteration 
of  structure  effected  in  the  heart,  and  consequent  impedi- 
ment to  its  functions,  soon  becomes  obvious,  by  the  per- 
ceptible enlargement  of  its  size,  produced  by  its  pretenia- 
tural  disteQtion  and  irritation. 

Again,  when  either  the  external  or  internal  coat  of  the 
Intestines  has  been  inflamed,  in  the  different  forms  of  en- 
teritis and  dysentery, — the  recurrence  of  vomiting,  espe- 
cially if  its  character  change,  and  approach  to  ileus, — the 
continuance  of  constipation,  especially  if  attended  with  in- 
creased flatulent  distention  of  the  abdomen, — or  the  con- 
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version  of  dysenteric  symptoms  into  intractable  diarrhoea, 
— while  the  strength  of  the  heart's  action,  and  the  heat  of 
the  surface,  undergo  a  manifest  abatement, — generally  in- 
dicate that  inflammatory  effusion  on  the  serous  coat,  or 
ulceration  on  the  mucous  coat,  has  already  taken  place,  and 
will  necessarily  continue  for  a  time  to  derange  the  func- 
tions of  the  bowels ;  although  in  this  case  the  degree  of  dan  - 
ger  that  may  exist  is  not  strictly  dependent  on  that  de- 
rangement of  function. 

Tlvere  are  some  instances,  where  more  sudden  and  strik- 
ing alterations  of  the  local  symptoms  consequent  on  inflam- 
mation take  place,  and  indicate  with  almost  absolute  cer- 
tainty certain  consequences  of  ulceration. 
'   Of  this  the  following  are  the  most  striking  examples. 

1.  A  sudden  attack  of  Pleurisy,  succeeding  the  symp- 
toms of  ulceration  of  the  Lung,  and  followed  by  indications, 
both  of  fluid  eff^usion,  and  of  air,  collecting  in  the  side  of 
the  chest, — i.  e.  by  the  sound  of  fluctuation  heard  on  agiti- 
tion  of  the  body,  the  modification  of  stethoscopic  sounds 
called  the  tintement  metallique,  and  the  dull  sound  on  pei'- 
cussion  in  part  of  the  side  of  the  chest,  the  clear  sound  in 
another  part,  and  the  absence  of  respiratory  murmur  in  both. 
This  denotes,  that  an  ulcer  in  the  lungs  has  perforated  the 
pleura,  allowed  the  escape  of  air  into  the  cavity  of  the 
chest,  and  excited  pleui-isy  with  pneumo-thorax. 

2.  A  similar  state  of  the  symptoms  in  one  side  of  the 
chest,  and  a  sudden  expectoration  of  pus,  succeeding  to 
the  symptoms,  not  of  ulcerated  lung,  but  of  Pleurisy  and 
pleuritic  effusion,  in  that  side;  and  implying  that  ulcera- 
tion has  begun  on  the  surface  of  the  lung,  where  there  has 
been  previously  inflammation  and  effused  lymph,  find  pene- 
trated inwards  to  tlie  bronchiae. 

3.  The  discharge  of  purulent  matter  by  expectoration, 
by  vomiting,  or  by  stool,  after  the  symptoms  exciting  sus- 
picion of  inflammation  and  suppuration  of  the  Liver, — im- 
plying, that  suppuration  of  the  liver,  and  adhesion  to  neigh- 
bouring parts,  have  been  followed  by  ulceration,  and  escape 
of  the  effused  pus,  through  the  parts  that  liave  adhered. 
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4.  The  eymptoms  of  violent  and  acute  Peritonitis  suddenly 
supervening  on  the  indications  (often  obscure)  of  more  chro- 
nic inflammation  and  its  effects  in  the  mucous  membrane  of 
the  stomach  or  intestines ;  which  implies,  that  the  coats  of 
the  alimentary  canal  have  been  somewhere  perforated  by 
ulceration,  and  its  contents  effused  into  the  cavity  of  the 
abdomen. 

Farther,  the  alteration  which  takes  place  after  a  time  on 
the  symptoms  of  the  general  Fever,  accompanying  internal 
inflammation  in  its  advanced  stages,  is  often  to  a  certain 
degree  characteristic  of  the  kind  of  effect  that  has  resulted 
from  the  inflammation. 

In  particular,  the  commencement  of  Suppuration  is  often 
marked  by  rigors,  and  irregular  febrile  attacks,  which  soon 
pass  into  the  state  of  Hectic  Fever,  more  or  less  distinctly 
defined ;  and  when  this  is  established,  it  continues  during 
the  processes  of  suppuration  and  ulceration,  and  is  mark- 
ed by  the  evening  exacerbations  (sometimes  two  exacer- 
bations daily)  and  morning  sweats,  followed  by  abatement, 
without  solution  of  the  fever, — by  a  slight  degree  only  of 
the  thirst,  anoi'exia,  or  other  affections  of  the  organic 
functions,  usual  in  fevers, — by  the  absence  of  delirium,  or 
other  dei'angement  of  the  functions  of  the  nervous  system, 
until  the  very  last  stage, — by  the  long  continuance  of  the 
disease,  and  progressive  emaciation  and  debility, — and  ge- 
nerally towards  the  end  of  fatal  cases  by  diarrhoea,  with 
florid  and  often  aphthous  tongue  and  throat,  which  is  usually 
found  on  dissection  to  have  been  connected  with  ulceration 
in  the  mucous  membrane,  chiefly  of  the  small  intestines. 

This  state  of  hectic  fever  is  by  no  means  distinctly  mark- 
ed in  every  case  where  extensive  suppui'ation  and  ulcera- 
tion succeed  to  inflammation ;  but  in  young  persons,  of  ir- 
ritable coiistitutions,  it  may  generally  be  observed.  It  is 
often  established  in  such  constitutions,  by  long  continued 
diseased  actions,  which,  although  generally  combined  with 
or  succeeding  to  inflammation,  are  not  to  be  considered  as 
simply  its  effects,  particularly  the  growth  and  progress  of 
tubercles,  afterwards  to  be  considered.    In  a  few  cases  it  is 
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produced  by  causes  acting  on  the  system  for  a  length  of 
time,  but  not  exciting  inflammation  in  it,  as  by  diabetes, 
or  long-continued  nursing.  But  it  attends  long-continued 
suppuration  and  ulceration  so  frequently,  as  to  be  an  im- 
portant indication  of  their  existence. 

There  is  no  form  or  modification  of  the  constitutional 
fever,  which  necessarily  attends,  or  can  be  regarded  as  the 
effect,  of  the  termination  in  Gangrene.  In  some  instances 
this  effect  of  inflammation  is  seen,  while  the  fever  retains 
the  strictly  inflammatory  chai'acter.  More  generally  the 
pulse  has  become  feeble,  the  surface  cold,  generally  damp, 
and  the  countenance  collapsed,  before  gangrene  takes  place; 
— or  else,  the  form  of  fever  preceding  this  effect  of  inflam- 
mation is,  in  all  respects,  that  described  as  typhoid.  But 
these  peculiarities  of  the  febrile  symptoms  are  not  to  be  re- 
garded as  the  effects  of  the  gangrene,  but  the  effects  of 
other  causes  (generally  debilitating  causes)  acting  on  the 
body,  which  at  once  modify  the  general  fever,  and  give  this 
tendency  to  the  local  inflammation. 

It  is  always  to  be  remembered,  that  after  the  consequen- 
ces of  inflammation,  now  considered,  have  talcen  place,  there 
are  still  provisions  of  nature,  by  which  their  injurious  ef- 
fects are  very  often  averted,  and  many  recoA'^eries  effect- 
ed.   The  serum  thrown  out  by  inflammation  is  in  gene- 
ral readily  reabsorbed  ;  much  of  the  lymph  that  exudes 
on  membranes,  or  into  cellular  texture  in  a  healthy  con- 
stitution, is  gradually  absorbed  also.    Either  in  this  way, 
or  else  by  being  converted  into  pus  and  expelled  by  the 
bronchia?,  it  seems  certain  that  much  of  the  solid  matter 
deposited  in  the  cells  of  the  lungs  by  inflammation  may 
be  removed.    After  suppuration  has  taken  place  in  any 
part,  absorption  of  the  fluid  effused,  though  a  slower  and 
more  difficult  process,  is  still  occasionally  effected,  both  in 
external  and  internal  parts ;  more  generally,  when  pus  has 
been  formed  in  any  part  of  the  body,  and  is  confined  in  the 
usual  way  by  lymph,  it  swells  outwards  where  there  is  least 
resistance,  and  makes  its  way  either  towards  the  surface  of 
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the  body,  or  towards  some  adjoining  cavity,  where  it  may  be 
discharged;  its  pressure,  in  the  direction  where  there  is  least 
resistance,  causing  progressive  absorption  of  the  interven- 
ing textures,  while  the  less  degree  of  pressure  on  the  sur- 
rounding parts  determines  adhesive  inflammation  only,  and 
effusion  of  lymph,  which  prevents  its  being  diffused  late- 
rally with  injurious  effect;  as  is  well  exemplified  in  the  pro- 
gress of  abscesses  in  the  liver  towards  the  surface  of  the  bo- 
dy, or  towards  the  interior  of  the  lungs,  stomach,  or  bowels. 

After  ulceration  has  taken  place,  and  after  part  of  the 
inflamed  textures  has  mortified,  the  processes  of  slough- 
ing, granulation,  and  cicatrization,  are  still  adequate,  in 
many  instances,  to  the  restoration  of  the  healthy  condition, 
especially  of  external  parts.  And  there  is  no  reason  to 
doubt,  that  every  texture  of  the  body  which  is  susceptible 
of  inflammation,  is  susceptible  also  of  these  healing  pro- 
cesses, by  which  the  injurious  effects  of  inflammation  are 
obviated ;  although  in  many  individual  cases  the  injury 
done  by  the  inflammation  may  be  fatal,  before  the  provi- 
sions for  recovery  have  time  to  take  effect. 

An  abatement  of  the  violence  of  the  inflammatory  action 
(as  denoted  by  the  chief  local  symptoms),  seems  always 
essential  to  these  healing  processes;  most  generally  this 
abatement  of  the  local  inflammation  is  attended  by  a  cor- 
responding decline  of  the  general  fever;  but  in  young  and 
irritable  constitutions,  the  febrile  symptoms  once  excited 
may  continue  for  a  short  time,  after  the  local  inflammation 
has  almost  entirely  subsided. 

It  is  very  important  to  bear  in  mind,  in  concluding  this 
view  of  the  effects  of  inflammation,  how  great  a  variety  of 
diseased  actions,  disturbance  of  functions,  alterations  of  the 
forms  and  qualities  of  parts,  destruction  of  parts,  and 
again,  praeternatural  growth  of  parts,  may  be  distinctly 
traced  to  this  first  and  most  important  alteration  of  vital 
action,  which  is  excitable  at  pleasure  by  physical  irrita- 
tion; because  this  information  may  be  applied,  in  a  certain 
degree,  to  the  explanation  of  the  still  moi'e  varied  and  more 
obscure  forms  of  moi'bid  action,  to  be  afterwards  considered. 
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SECTION  III. 

OF  THE  REMOTE  CAUSES  OF  INFLAMMATION. 

After  what  has  been  already  said  of  the  causes  of  disease 
in  general,  it  is  unnecessary  to  enlarge  at  any  length  on  this 
part  of  the  subject,  but  it  is  necessary  to  state  which  of  the 
causes  formerly  enumerated  have  a  peculiar  or  specific  ef- 
fect in  producing  inflammation. 

Inflammation  is  hardly  ever  directly  excited  merely  by 
muscular  exertion,  by  external  heat  (unless  in  such  inten- 
sity as  to  be  a  local  irritant),  by  mental  emotion,  by  such 
intemperance  in  eating  or  drinking  as  hurries  the  move- 
ment of  the  blood,  or  by  such  evacuations,  or  such  suppres- 
sion of  previous  evacuations,  as  alter  the  quantity,  or  even 
the  composition  of  the  blood,  although  it  is  often  aggra- 
vated or  renewed  by  such  causes.  But  it  is  excited  by  me- 
chanical or  chemical  irritation  (including  Heat)  applied  to 
the  part  itself  which  inflames;  and  it  is  excited  by  Cold, 
applied  generally,  or  to  parts  distant  from  those  that  in- 
flame, by  certain  poisons,  and  by  certain  contagions,  which 
are  believed  to  be  taken  into  the  blood,  and  to  visit  all 
parts  of  the  system,  but  aff'ect  in  this  manner  only  certain 
textures,  chiefly  the  skin,  the  mucous  membranes,  and  cer- 
tain glands.  And  there  is  always  ground  for  inferring  the 
action  of  some  peculiar  or  special  cause,  if  any  other  but 
an  inflammatory  disease  is  produced  by  these  means. 

In  the  natural  actions  of  the  intestinal  canal,  especially 
when  excited,  and  in  its  relations,  to  the  containing  parts, 
there  are  special  causes  for  certain  accidents,  often  acting 
as  causes  of  fatal  inflammation  there,  viz.  Hernia  and  Intus- 
susception. 

There  is  a  class  of  causes  which  may  be  said  to  act  on 
the  footing  of  local  irritants  in  exciting  inflammation,  but 
which  arc  applied,  not  to  the  parts  that  become  actually  in- 
flamed, but  to  others  in  their  immediate  neighbourhood,  or 
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peculiarly  connected  with  them.  Thus  various  local  chro- 
nic diseases,  a  carious  tooth,  a  diseased  vertebra,  or  joint, 
a  strictured  urethra,  very  generally  excite  repeated  attacks 
of  inflammation  and  suppuration  in  the  adjoining  soft  tex- 
tures. And  injuries  of  certain  nerves  excite  inflammation  in 
the  parts  which  they  supply.  Of  this  the  best  examples 
are  in  the  effects  and  section  of  the  5th  and  8th  nerve,  on 
the  eye  and  lungs ;  and  a  conjectural  explanation  of  this 
fact  was  already  offered  *. 

It  is  always  to  he  remembered,  however,  that  there  are 
many  cases  of  inflammation'  for  which  no  adequate  excit- 
ing cause  can  be  detected. 

The  tendency  to  inflammation  is  not  in  general  given  by 
Plethora  (although  the  gouty  inflammation  occurs  almost 
solely  in  plethoric  habits),  nor  by  habitual  excitement  of 
the  vascular  system.  On  the  contrary,  there  are  none  who 
resist  the  influence  of  the  exciting  causes  of  inflammation 
so  well,  as  those  in  whom  the  blood  is  abundant  and  the 
Avascular  system  vigorous.  But  the  tendency  to  inflam- 
mation is  remarkably  given  by  all  permanent  causes  of  De- 
bility,— ^by  imperfect  nourishment,  impure  air,  long  con- 
tinued heat,  or  cold,  excessive  exertions,  excessive  evacua- 
tions, intemperance,  and  mental  depression.  Of  the  num- 
bers who  fall  into  disease  under  the  influence  of  these  causes, 
a  vei'y  large  proportion  are  always  found  to  have  contracted 
different  forms  of  inflammation. 

The  seat  of  the  inflammation,  which  maybe  produced  by 
the  concurrence  of  any  causes  Avhich  do  not  act  as  local  ir- 
ritants, is  determined  in  many  cases  by  some  assignable 
circumstances  of  predisposition,  affecting  particular  organs, 
which  were  formerly  mentioned, — by  various  causes  of  lo- 
cal plethora  or  increased  action, — by  heat  acting  on  the  liver 
and  bowels,  or  cold  acting  on  the  air-passages ;  by  any 
causes  exciting  the  secretions  of  individual  secreting  or- 
gans more  than  of  others,  as  of  the  stomach  and  bowels 
during  digestion,  or  of  the  breasts  dui'ing  lactation  j  by 

•  See  Physiology,  p.  115. 
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organic  diseases  confining  or  obstructing  the  circulation  in 
particular  organs  or  textures;  by  previous  inflammation 
facilitating  local  congestion  or  inflammation  in  the  same 
parts  as  had  formerly  suffered. 

Lastly,  the  kind  of  inflammation  excited  on  any  occasion 
in  the  body  is  very  often  determined,  either  by  predisposing 
causes  previously  acting  on  the  body,  or  by  a  specific  pro- 
perty in  the  exciting  cause.  Thus  there  is  a  hereditary  ten- 
dency, often  much  increased  by  full  living,  which  disposes  to 
Gout,  in  circumstances  where  otherwise  a  diff'erent  inflammar 
tory  disease  might  have  been  excited;  there  is  also  a  heredi- 
tary tendency,  often  aggravated  by  imperfect  nourishment, 
by  inadequate  protection  from  cold,  and  by  residence  in  vi- 
tiated air,  which  disposes  to  Scrofulous  aff'ections,  rather  than 
to  other  forms  of  inflammation ;  there  is  a  peculiarity  of 
habit,  often  resulting  from  habitual  intemperance,  which 
seems  to  predispose  remarkably  to  chronic  inflammation, 
and  to  slow  eff^usion  of  solid  lymph  and  induration  of  tex- 
tures. The  influence  of  these  causes  on  the  character  of 
the  inflammation  which  may  be  excited  after  their  applica- 
tion, is  of  great  practical  importance,  and  the  evidence  of 
it  will  therefore  be  stated  afterwards. 

Again,  the  kind  of  inflammation  which  is  excited  by  heat 
acting  on  the  surface  of  the  body  is  specifically  diff'erent 
from  that  which  is  excited  there  by  bruises  or  wounds. 
And  the  inflammation  excited  by  each  of  the  contagious 
poisons,  by  gonorrhoea  or  syphilis,  by  smallpox,  measles,  or 
scarlatina,  erysipelas,  plague,  Src,  has  always  something 
peculiar  and  specific  in  its  own  course,  and  in  the  nature 
and  progress  of  the  accompanying  fever! 
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SECTION  IV. 

OF  THE  PROXIMATE  CAUSE  OF  INFLAMMATION,  AND  OF  ITS 
LOCAL  CONSEQUENCES. 

Under  this  head  are  usually  included  in  medical  writings, 
all  observations  and  speculations  in  regard  to  the  intimate 
nature  of  the  changes  on  which  the  phenomena  of  inflam- 
mation depend,  and  the  explanation  thus  afforded  of  these 
phenomena. 

As  all  explanations  of  any  physical  phenomena  consist 
in  reference  to  general  laws,  which  are  exemplified  in  other 
and  more  familiar  cases,  and  as  the  alterations  of  vital  ac- 
tion, excited  by  the  action  of  external  causes,  are  a  set  of 
phenomena  quite  peculiar,  and  hardly  to  be  compared  with 
any  others  in  nature,  we  cannot  expect  to  go  far  in  the  ex- 
planation of  the  facts,  of  which  the  history  of  inflammation 
consists ;  it  must  be  expected  that  all  such  inquiries  will  ter- 
minate in  the  determination  of  ultimate  facts,  peculiar  to  this 
department  of  nature ;  and  these  can  be  no  long  series  of 
causes  and  effects  connecting  these  ultimate  facts  with  the 
phenomena,  of  which  the  explanation  is  sought.  NcA'erthe- 
less,  the  rationale  of  this  diseased  action,  so  far  as  it  can  be 
traced,  is  a  perfectly  legitimate  subject  of  scientific  inquiry, 
and  the  results  will  ultimately  be  so  far  satisfactory,  and 
may  probably  be  useful. 

There  is,  in  the  first  place,  a  preliminary  question,  which 
we  cannot  answer  with  confidence,  as  to  the  share  which 
theNervous  System  has  in  exciting  Inflammation; — whether 
all  the  remote  causes  act  on  the  vessels,  and  their  contents, 
through  the  nerves  of  the  part,  or  whether  tliiey  act  direct- 
ly on  the  moving  fibi'cs  and  fluids. 

It  has  been  supposed  by  many,  that  all  external  causes, 
which  affect  the  movements  of  the  living  body,  act  through 
the  intervention  of  nerves;  and  the  causes  of  inflamma- 
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tion  amoug  otliers.  But  the  question  cannot  be  satisfacto- 
rily disposed  of  in  this  summary  way ;  we  formerly  found, 
that  the  supposition  of  stimuli  acting  on  all  moving  parts 
exclusively  through  nerves,  is  gratuitous  and  even  im- 
probable ;  and  farther,  it  is  by  no  means  ascertained,  that 
the  first  and  most  essential  of  the  changes  in  inflamed 
parts,  consist  in,  or  bear  any  close  relation  to,  contractions 
of  moving  parts. 

Nevertheless,  several  considei'ations  prove,  that  in  some 
instances  at  least,  the  nerves  of  parts  are  the  instruments 
through  Avhich  inflammation  in  these  parts  is  excited. 

If  it  were  certain  that  the  inflammations  of  certain  or- 
gans, especially  of  the  eye,  the  lungs,  and  the  stomach,  for- 
merly stated  to  be  consequent  on  cutting  their  nerves,  were 
the  direct  effects  of  that  section  only,  these  inflammations 
might  be  properly  adduced  in  proof  of  what  is  now  said. 
But  it  has  been  already  remarked,  that  the  impaired  sensibi- 
lity of  the  parts  in  question,  and  the  consequently  deficient 
secretion  of  the  mucus,  by  which  they  are  naturally  protect- 
ed from  the  irritation  of  foreign  matters,  are  probably  suf- 
ficient to  explain  these  inflammations ;  as  well  as  the  inflam- 
mations of  the  same  parts  observed  in  cases  of  extreme  in- 
anition, or  of  disease  where  there  is  long-continued  debili- 
ty and  deficient  sensibility. 

Those  causes,  however,  which  excite  inflammation  in 
parts  distant  from  the  points  to  which  they  are  applied, 
such  as  external  Cold  exciting  internal  inflammation,  may 
be  reasonably  supposed  to  affect  these  parts  by  eff^ect- 
ing  changes  in  their  nerves ;  because  we  know,  that  sen- 
sations and  other  mental  acts,  produced  by  causes  acting 
on  distant  parts,  powerfully  affbct  the  vital  actions  in  the 
small  capillary  vessels  of  many  organs  of  the  bodv,  and 
cause  great  variations  in  the  quantity  of  blood  which  they 
contain,  and  in  the  quantity  of  secretions  which  they  fur- 
nish ;  and  we  have  good  reason  to  believe,  that  these  effects 
(bearing  a  close  analogy  to  inflammation)  are  produced 
through  the  intervention  of  nerves,  and  especially  of  the 
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nerves  that  accompany  the  small  arteries,  and  wliich  have 
generally  passed  through  ganglia. 

In  a  case  (not  unfrequently  observed)  of  sympathetic  sen- 
sations of  nerves,  becoming  attended  with  inflammation  of 
the  parts  sympathetically  affected,  as  in  the  shoulder  from 
liver  disease,  or  in  the  integuments  at  the  knee  from  dis- 
ease of  the  hip,  we  have  still  clearer  evidence  of  the  possi- 
ble excitation  of  inflammation  in  this  way.  Nor  is  it  any 
objection  to  this  doctrine,  that  the  parts  which  take  on  in- 
flammation are  in  some  instances  neither  provided  with 
visible  nerves,  nor  distinctly  sensible  in  the  healthy  state ; 
because  it  is  hardly  possible  to  be  certain  of  the  non-exist- 
ence of  nervous  matter  in  any  texture ;  and  also,  because 
we  have  already  seen  reason  to  believe,  that  an  influence 
derived  from  nerves  may  extend  to  some  distance  from 
nerves  themselves,  and  especially  may  aflPect  the  blood 
which  is  moving  in  the  bloodvessels. 

If  it  be  allowed,  that  some  inflammations  may  be  excited 
through  nerves,  a  presumption  may  thence  be  thought  to 
arise,  that  even  those  causes  of  inflammation  which  are  ap- 
plied directly  to  the  parts  that  inflame,  aff'ect  the  vessels 
through  the  medium  of  the  nervous  filaments  ;  but  there  is 
certainly  no  positive  evidence  of  this.  And  the  fact  of  all 
the  changes  which  constitute  and  succeed  inflammation, 
taking  place  in  an  organ  of  which  the  sensitive  nerves  have 
been  cut,  and  the  sensibility  extinguished,  almost  unequi- 
vocally shews,  that  if  an  influence  of  nerves  be  necessary 
for  the  commencement,  it  is  not  necessary  for  the  subse- 
quent progress  of  inflammation. 

Before  proceeding  farther,  it  is  necessary  to  state  the 
general  results  of  microscopical  observations,  made  chiefly 
on  the  changes  that  take  place  in  the  vessels  of  the  trans- 
lucent parts  of  animals,  where  inflammation  has  been  arti- 
ficially excited.  It  appears,  from  these  observations,  that 
the  following  changes  are  observed. 

1.  An  acceleration  of  the  movement  of  the  blood  in  the 
vessels  of  the  part,  sometimes  attended  with  a  distinct 
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though  slight  constriction  of  these  vessels ;  but  more  gene- 
rally, at  least  soon  after  its  commencement,  attended  with 
dilatation  of  the  vessels,  gradually  extending  itself  from  the 
part  first  affected.  In  this  accelerated  state  of  the  circula- 
tion, the  blood  passes  into  the  small  veins  less  changed 
than  usual  from  its  arterial  state. 

2.  Within  a  short  time,  this  state  of  the  circulation,  in 
the  part  chiefly  affected,  gives  way  to  retarded  movement 
in  the  dilated  vessels,  and  ultimately  to  complete  stagna- 
tion in  some  of  these. 

3.  The  blood,  in  all  the  neighbouring  capillaries,  appears 
to  incline,  sometimes  even  backwards,  towards  the  part 
chiefly  affected ;  these  neighbouring  capillaries  are  distend- 
ed, and  many  new  vessels  shew  themselves,  whether 
brought  into  view  by  the  red  globules  traversing  them,  or 
actually  formed  in  the  process^  is  not  fairly  ascertained.  In 
the  capillaries  somewhat  farther  removed  from  the  point 
most  affected,  the  motion  of  the  blood  is  generally  observed 
to  be  accelerated,  while  there  is  slow  motion,  or  even  stag- 
nation at  that  point. 

4.  As  the  blood  stagnates  in  the  vessels  of  the  most  in- 
flamed part,  it  gradually  concretes  into  irregular  masses,  in 
which  the  distinction  of  the  globules  is  no  longer  percep- 
tible. These  changes  are  seen  to  go  on,  in  animals  dying 
while  inflammation  exists,  even  after  all  movement  of  blood 
in  other  capillaries  has  ceased  *. 

5.  The  serous  effusion,  and  afterwards  the  effusions  of 
lymph  and  pus  from  the  inflamed  vessels,  take  place  chiefly 
while  the  movement  of  the  blood  is  slower  than  usual.  The 
texture  surrounding  the  inflamed  vessels  is  enlarged.  When 
there  is  complete  stagnation,  the  part  is  much  softened,  and 
approaches  to  the  state  of  gangrene. 

6.  If  the  inflammation  subsides  without  sloughing,  the 
blood  in  the  part  most  affected  is  gradually  set  in  motion 
again,  its  globules  reappear,  and  the  capillaries  containing 
it  gradually  contract  to  their  former  dimensions. 


•  Kalkbrunner  in  Magendie's  Journal,  1828. 
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7.  After  the  first  serous  eflfuslon  from  the  inflamed  vessels, 
the  fluid  that  escapes  from  them  becomes  partially  solid,  or 
at  least  of  gelatinous  consistence,  immediately  on  its  escape, 
and  is  partially  tinged  of  a  reddish  colour ;  and  several  ob- 
servers agree,  that  in  this  slightly  coloured  gelatinous  ef- 
fusion, it  is  possible  to  recognise  globules  of  the  blood, 
inore  or  less  divested  of  their  colouring  matter,  or  adhering 
to  one  another  *. 

8.  Another  very  important  observation  is,  that  much  of 
the  blood  which  stagnates  within  the  vessels  of  the  inflam- 
ed part  appears  to  undergo  the  same  changes  +,  as  that 
which  escapes  from  them,  the  colouring  matter  separating 
from  the  bodies  of  the  globules  as  these  are  aggregated  to- 
gether ;  and  even  in  those  capillaries  at  some  distance  from 
the  most  inflamed  spot,  which  are  distended,  and  where  the 
blood  is  only  slightly  retarded  in  its  course,  the  separation 
of  the  colouring  from  the  colourless  part  of  the  globules 
may  be  observed  ;  and  this  change  takes  place  on  the  glo- 
bules passing  through  the  capillaries  of  an  inflamed  part, 
even  till  the  latest  period  of  the  inflammation. 

9.  When  the  inflammation  does  not  pass  beyond  the  ad- 
hesive stage,  canals  are  gradually  formed  in  tlie  lymph  ef- 
fused, which  have  generally  an  external  covering  of  red 
matter,  and  an  interior  covering  of  colourless  lymph, 
(Laennec)j  and  into  which  some  of  the  capillaries  of  the  in- 
flamed textur,es  soon  eff'use  blood.  These  cavities  in  the 
eff"used  lymph  are  of  larger  calibre  than  the  vessels  which 
supply  them,  but  gradually  contract  and  assume  the  usual 
appearance  of  vessels.  In  a  few  cases  it  would  appear, 
that  such  new  vessels  have  been  formed  in  the  interior  of 
coagula  of  blood  formed  during  life  in  obstructed  blood- 
vessels j. 

10.  In  the  more  advanced  stages  of  inflammation,  the 
actual  conversion  of  some  of  the  decolorized  globules  of 

•  Gendrin,  Hist.  Anat.  des  Inflammations,  §  144L 

f  Gendhik,  §  1457.    Kalkbrunner  in  BuEscnEx's  Repertoire,  t.  4. 

+  See  LoBSTEiN,  Anat.  Tnthol.  §  334. 
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blood,  which  adhere  closely  together,  into  the  larger  and 
yellower  globules  of  pus,  which  have  a  free  niotion  on  one 
another,  may  be  traced  ;  and  according  to  Gendrin,  this 
may  be  seen  to  take  place  in  three  different  situations.  1. 
In  the  decolorized  lymph  that  has  been  already  thrown 
out  by  inflamed  vessels.  2.  In  the  blood  itself,  if  confined 
by  ligatures,  in  the  interior  of  a  vessel,  the  inner  coat  of 
which  is  irritated  and  excited  to  inflammation ;  the  globules 
of  blood  next  the  inflamed  part  of  the  vessel  first  losing 
their  colour,  and  then  gradually  passing  into  the  state  of 
pus.  3.  Within  the^  capillary  vessels  of  a  part  where  in- 
flammation has  already  advanced  to  suppuration ;  some  of 
the  globules  not  only  losing  their  red  colour,  but  acquiring 
the  size  and  form  of  particles  of  pus,  while  still  confined 
to  these  capillaries*. 

Two  other  observations,  on  a  larger  scale,  are  of  great 
importance  in  reference  to  the  question  of  the  proximate 
cause  of  inflammation.  1.  That  the  arteries  leading  to  an 
inflamed  part  pulsate  with  more  apparent  force,  and  if 
divided  project  blood  farther  than  in  the  sound  state  -|-;  and, 
2.  That  a  vein  leading  from  an  inflamed  part  discharges  in 
a  given  time  a  much  greater  quantity  of  blood,  than  a  cor- 
responding vein  leading  from  a  sound  part  J.  It  is  not 
certain,  however,  during  how  much  of  the  progress  of  in- 
mation  these  observations  hold  good. 

It  is  unnecessary  to  make  any  statements  to  prove,  that 
the  phenomena  of  inflammation  cannot  be  explained  by 
any  alterations  that  can  be  supposed  to  take  place  in  the 
mechanical  or  chemical  qualities  of  the  blood,  and  that  they 
are  independent  of  changes  in  the  action  of  the  heart. 

The  most  general  opinion,  of  late  years,  has  been,  that 
they  depend  on  an  alteration  in  the  vital  action  of  the 
arteries  of  the  inflamed  parts.    But  there  is  much  diflicul- 

"  Gexdrin,  Hist,  des  Inflammations,  sect.  1443,  ctscq. 

i"  Thomson  on  Inflammation,  p.  C?. 

t  Lawkence's  I>ecturcs  in  Medical  Gazette. 
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ty  in  forming  a  precise  notion  of  the  kind  of  alteration  in 
that  vital  action,  wliicli  will  explain  the  changes  observed 
in  the  motion  of  the  blood,  and  the  eifusions  from  the  ves- 
sels. 

The  following  facts  appear  strongly  to  indicate,  that  there 
is  an  actual  increase  of  vital  action  in  the  vessels  of  an  in- 
flamed part. 

1.  The  causes  which,  applied  directly  to  any  living  part, 
excite  inflammation  there,  are  causes  which  excite  in  other 
instances  muscular  contraction  and  vital  action  in  general. 

2.  In  inflamed  parts  it  is  undeniable  that  the  vital  action 
of  nerves  is  increased,  as  indicated  by  the  increased  sensi- 
bility ;  and  also,  that  the  vital  aflinities,  whereby  pro- 
ducts are  formed  from  the  blood,  are  both  altered  and  in- 
creased, the  natural  result  of  the  process  being  either  the 
formation  of  a  new  deposit  and  organized  texture,  or  the 
establishment  of  a  new  secretion  from  the  blood  at  the 
part.  It  seems  highly  probable,  that  whatever  vital  power 
of  contraction  resides  in  the  coats  of  the  vessels  of  an  in- 
flamed part,  will  also  be  excited  to  increased  action  under 
tlie  influence  of  known  stimuli,  and  simultaneously  with 
this  decided  increase  in  the  other  vital  actions  of  the  part. 

3.  The  immediate  effects  of  inflammation  on  the  contents 
of  the  vessels  of  the  part,  the  exudation  first  of  serum  and 
afterwards  of  coagulable  lymph,  are  eff^ects  which  may  na- 
turally be  expected  from  increased  constriction  of  the  coats 
of  these  vessels. 

4.  Although  it  may  be  doubted  whether  the  increased 
force  of  the  movement  of  the  blood  in  the  vessels  leading 
to  an  inflamed  part,  implies  actual  increase  in  the  contractile 
power  of  these  vessels,  yet  it  is  certain  that  when  the  heart 
eomes  to  participate  in  the  altered  condition  of  living  parts, 
consequent  on  inflammation,  the  eff"ect  on  its  action  is  de- 
cided increase. 

5.  As  the  causes  which  excite,  or  aggravate  inflamma- 
tion, are  those  which  excite  vital  action  in  general,  and 
muscular  contraction  in  particular,  so  the  causes  wliich  di- 
minish or  remove  inflammation,  arc  means  by  which  mus- 
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cular  contractions  are  enfeebled,  and  other  vital  actions  re- 
pressed. 

But  on  the  other  hand,  the  following  are  very  strong  ob- 
jections to  the  opinion,  that  an  increase  of  the  vital  con- 
traction of  arteries  can  produce  all  the  changes  which  are 
observed  in  inflammation. 

1.  No  such  contraction  can  be  perceived  on  microscopi- 
cal examination  of  the  small  arteries  of  an  inflamed  part, 
as  seems  adequate  to  account,  either  for  the  increased 
quantity  of  blood  sent  through  these  vessels,  or  for  their 
distention,  and  the  effusions  from  them.  The  chief  and 
sometimes  the  only  phenomenon  observed  in  the  coats  of 
the  vessels  of  inflamed  parts  is  dilatation,  insomuch  that 
the  condition  ,  of  these  vessels,  essential  to  inflammation, 
has  been  thought  by  many  observers,  (as  Wilson  Philip 
and  Thomson)  to  be  Relaxation  ;  and  is  called  by  Hunter 
active  Dilatation  ;  and  by  one  of  the  most  recent  and  careful 
observers,  Kalkbrunner,  Inflammatory  Erection. 

2.  It  is  diflUcult  to  understand,  how  an  increase  of  the 
only  vital  power  which  we  have  seen  reason  to  ascribe  to  ai*- 
teries,  viz.  Tonicity  or  Tonic  Power  of  Contraction,  can 
lead  to  distention  of  the  vessels,  and  at  the  same  time  to 
an  increased  flow  of  blood  through  them. 

This  difficulty  is  in  some  degree  obviated  by  observing, 
that  the  smallest  branches  into  which  an  artery  divides 
itself  probably  exert,  on  the  whole,  a  greater  action  on  the 
blood,  than  the  trunk  of  that  artery*;  and  therefore,  that 
if  the  tonic  power  of  contraction  is  increased  along  the 
whole  extent  of  the  ai'tery  and  its  branches,  that  increased 
contraction  must  act  as  a  spasm  on  the  extreme  vessels, 
or  obstruction  to  the  flow  of  blood  forward  into  the  veins. 
But  although  this  enables  us  to  understand  how  an  increase 
of  the  vital  power  of  arteries  should  lead  to  congestion  of 
blood  in  these  arteries,  and  to  their  distention^  yet  it  does 
not  explain  how  that  increased  action  should  cause  the  in- 
creased transmission  of  blood  through  them  ;  such  as  takes 
place,  both  during  much  of  the  inflamed  state,  and  during 

•  See  Outlines  of  Physiology,  p.  24. 
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the  time  of  any  occasional  increase  of  the  nutrition  or  se- 
cretion of  any  part  of  the  body. 

The  real  condition,  as  to  the  vital  property  of  Tonicity,  of 
the  arteries  leading  to  an  inflamed  part,  has  not  yet  been 
determined  by  experiment.  The  microscopical  observations 
seem  to  indicate,  what  seems  a  priori  probable,  that  in  the 
small  capillaries,  there  is  at  first  an  increased  exercise  of 
tonic  power,  and  afterwards  a  diminution  of  power  from 
distention,  going  on,  in  cases  of  mortification,  to  absolute 
loss  of  power.  But  at  all  events,  the  explanation  of  the 
congestion  and  distention  of  vessels,  and  of  the  increased 
transmission  of  blood,  by  any  conceivable  alteration  of  the 
only  vital  power  of  contraction  which  arteries  are  known 
to  possess  *,  is  not  only  difficult  and  unsatisfactory,  but,  in 
the  case  of  inflammation,  is  necessarily  incomplete ;  because 
there  is  here  a  change  in  the  Vital  Affinities  of  the  part,  and 
in  the  nature  of  the  products  formed  from  the  blood  in  it, — 
such  as  no  change  in  the  mechanical  powers  moving  the 
blood  can  explain.  The  ordinary  vital  aflSnities  of  the  part, 
as  shewn  by  the  products  usually  formed  from  the  blood  in 
it,  are  lessened  or  suspended ;  the  blood  in  the  part  under- 
goes a  decided  change,  the  particles  of  its  fibrin  aggrega- 
ting together  more  closely  than  usual,  while  its  colouring 
matter  separates  from  these  f ;  more  solid  matter  escapes 
from  the  vessels  than  either  in  health  or  in  other  cases  of 
disease.  This  solid  matter  is  possessed  of  peculiar  vital 
properties,  enabling  it  to  become  organized ;  and,  after  a 
time,  a  new  secretion  is  established  at  the  part.  All  these  ^ 
changes  vary  in  the  diff^erent  kinds  of  inflammation,  and  in 
the  inflammation  of  different  textures;  and  it  is  by  these 
circumstances  that  we  distinguish  inflammation  fi'om  cases 
of  occasional  increased  determination  of  blood  to  a  part, 

•  See  Physiolog)-,  p.  28. 

f  The  strong  aggregation  of  the  particles  of  lymph  thrown  out  by  in- 
flamination  is  well  shewn,  as  Mr  Hunteh  observes,  in  the  case  of  inflam- 
mation of  the  inner  coat  of  a  bloodvessel,  where  the  lymph  that  exudes, 
instead  of  mixing  with  the  blood,  concretes  on,  and  "  furs  over  the  lining 
membrane  of  the  vessel." 
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where  there  is  no  change  of  its  vital  affinities,  and  there- 
fore no  new  product  formed  from  the  blood. 

Now,  it  appeared  from  facts  formerly  stated,  that  the 
natural  vital  affinities  of  all  parts  and  textures,  are  a  part  of 
the  cause  of  the  movement  of  the  blood  through  them  ; 
and  if  so,  it  is  natural  to  infer,  that  so  great  changes  in 
the  vital  affinities,  and  consequent  chemical  actions  taking 
place  in  a  living  textui'e, — involving  a  greatly  increased  vi- 
tal attraction  of  some  particles  to  others, — must  be  an  ade- 
quate cause  for  much  of  the  alteration  of  the  movement  of 
the  blood,  seen  in  inflammation. 

It  appears  higlily  probable,  therefore,  that  the  primary 
and  fundamental  change  in  inflammation  is  not  in  the  vi- 
tal contractions  of  vessels,  but  in  the  vital  affinities  subsist- 
ing between  the  component  parts  of  the  blood,  and  between 
them  and  the  surrounding  textures ;  and  that  any  altera- 
tions that  take  place  in  the  capacity  or  vital  action  of  the 
arteries  are  consequent  on  that  fundamental  change  at  their 
extremities,  just  as  the  excitement  of  the  action  of  the  heart 
is  consequent  on  the  altered  condition  of  the  vessels. 

According  to  this  view  of  the  subject,  the  primary  change 
is  not,  strictly  speaking,  in  the  fluids  of  the  body,  as  distin- 
guished fi-oni  the  solids,  but  it  is  in  the  vital  affinities,  com- 
mon to  the  solids  and  fluids,  and  acting  chiefly  in  that  part 
of  the  system  where  the  solids  and  fluids  are  most  inti- 
mately mixed,  and  are  continually  interchanging  particles ; 
— rather  than  in  the  vital  contractions,  which  are  peculiar 
to  the  solids,  and  which  are  most  distinctly  seen  in  parts  of 
the  system  where  the  solids  and  fluids  are  most  distinct 
from  each  other. 

Two  striking  and  important  facts  in  the  history  of  in- 
flammation may  be  stated  here  in  confirmation  of  this 
opinion. 

1.  The  effect  of  inflammation,  at  least  on  the  heart  and 
large  arteries,  and  probably  on  the  greater  part  of  the  vessels 
leading  to  the  part  aft'ected,  bears  no  fixed  proportion  to  the 
amount  of  tlic  change  which  is  there  effected  ;  being  often 
slight,  as  in  the  cases  called  latent  inflammation,  when  the 
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inflammatory  exudation  is  very  extensive,  and  vice  versa  ; 
which  is  not  what  might  have  been  expected  on  the  suppo- 
sition, that  all  consequences  of  inflammation  result  simply 
from  altered  contractions  of  vessels. 

2.  Inflammation  is  more  apt  to  extend  fi'om  one  portion 
of  a  membrane  to  another  portion  of  the  same  lying  conti- 
guous to  it,  but  having  no  vascular  connexion  with  it,  than 
to  parts  supplied  from  the  same  vessels  as  itself,  but  pos- 
sessing a  different  structure.  Now,  the  influence  of  vital 
aflSnities  certainly  extends  to  some  distance  from  the  parti- 
cles in  which  they  reside;  and  we  can  understand,  there- 
fore, that  any  changes  in  the  vital  condition  of  the  blood  in 
a  set  of  capillary  vessels,  may  be  communicated  to  the 
blood  in  adjoining  vessels,  equally  as  it  certainly  is,  to  that 
in  the  neighbouring  capillaries  on  the  same  surface;  but  it 
is  difficult  to  conceive  how  either  increase  or  diminution  of 
the  contraction  of  vessels  should  be  communicated  to  other 
vessels  not  continuous  with,  nor  arising  from  the  same 
trunk  as,  those  first  aff'ected. 

The  nature  of  the  change  in  the  vital  affinities  of  an  in- 
flamed part,  cannot  at  present  be  farther  characterized  than 
by  the  increased  aggregation  of  the  particles  of  the  fibrin, 
and  separation  from  them  of  the  colouring  matter ;  the  in- 
creased atti'action  between  the  serum  and  fibrin  of  the 
blood,  and  the  surrounding  textures,  into  which  they  ex- 
ude ;  the  increased  vitality  of  the  fibrin  that  exudes,  shewn 
by  its  readily  becoming  organized;  and  the  gradual  trans- 
formation of  part  of  it,  under  certain  circumstances,  into 
globules  of  pus. 

The  first  effect  of  inflammation,  effusion  of  Serum,  is  per- 
haps sufficiently  explained  by  the  known  increased  propul- 
sion of  the  blood  along  the  arteries  of  the  part,  (to  whatever 
cause  or  causes  that  may  be  owing),  at  the  same  time  that 
there  is  stagnation  in  some  of  the  capillaries  to  which  these 
lead.  That,  in  certain  constitutions,  effusion  of  entire 
Blood,  in  these  circumstances,  should  ensue,  is  also  easily 
understood.  But  it  is  plain  that  this  merely  meclianical 
explanation  will  not  suffice  in  the  very  frequent  cases  where 
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solid  Lymph  is  thrown  out  rapidly,  in  much  more  than  the 
usual  proportion  to  the  serum,  and  without  colouring  mat- 
ter ;  and  that  this  effect  of  inflammation,  therefore,  must  be 
referred  to  the  head  of  alteration  of  vital  affinities,  and  in- 
crease of  the  efficacy  of  certain  of  these. 

It  would  appear  from  what  has  been  already  stated,  that 
it  is  by  a  subsequent  alteration,  or  transformation,  of  glo- 
bules of  the  blood  which  have  stagnated,  and  been  par- 
tially decolorized,  that  the  globules  of  Pus  are  formed;  and 
that  this  transformation  may  go  on  either  in  the  interior  of 
vessels,  or  in  the  exudations  that  have  taken  place,  from 
them.  But  on  what  conditions  this  farther  altei'ation  af 
the  blood  depends,  or  how  it  comes  to  pass  that,  in  some 
cases,  it  begins  almost  from  the  beginning  of  the  inflamma- 
tion, and  in  other  cases  hardly  takes  place  in  any  stage  of  it, 
however  proti'acted,  we  haA'e  no  satisfactory  information. 

The  knowledge  of  the  formation  of  pus  taking  place 
within  the  vessels  of  inflamed  parts  is,  however,  important, 
as  it  enables  us  to  give  at  least  a  probable  explanation  of 
several  known  and  important  facts. 
'  Thus,  it  is  stated  by  Andkal,  that  he  had  in  one  case 
found  purulent  matter  mixed  with  the  blood  at  the  heart, 
where  no  suppurating  surface  existed  in  the  body;  and 
many  pathologists  have  found  pus  in  pretty  large  quantity 
in  the  veins  leading  from  a  part  where  extensive  suppura- 
tion was  going  on.    In  some  cases,  after  suppuration  there 
has  been  a  purulent  discharge  by  urine.    It  has  been  like- 
wise often  observed,  that  after  amputation  of  a  limb, 
where  there  had  been  long-continued  and  extensive  sup- 
puration, inflammation  and  very  rapid  deposition  of  pus 
have  taken  place  in  internal  parts ;  and  the  connexion  of 
these  with  the  previous  suppuration,  is  illustrated  by  pre- 
cisely similar  internal  affections  following  inflammation 
and  suppuration  of  the  inner  membrane  of  veins  *. 

These  facts  are  easily  understood,  if  we  suppose  that  pus 
is  not  only  thrown  out  of  the  vessels  of  suppurating  sur- 
faces, but  also  formed  within  these  vessels,  and  therefore 

"  See  AnKOTT  iii  Medico-Chirurgical  Transactions,  vol.  xv. 
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gradually  mixed  with  the  circulating  blood ;  and  when  bo 
mixed,  is  determined  to  certain  parts  of  the  system,  nearly 
as  we  now  know  that  urea,  circulating  in  the  blood,  is  de- 
termined to  the  kidneys ;  and  either  finds  an  outlet  at  the 
suppurating  surface  itself,  or,  if  obstructed  there,  escapes 
by  some  of  the  excretories,  or  is  apt  to  be  deposited  in  some 
of  the  most  vascular  of  the  internal  viscera. 

The  purulent  matter  so  circulating  with  the  blood  is 
probably  an  aggravation  at  least,  if  not  a  chief  cause,  of 
liectic  fever;  and  one  effect,  whicli  very  often  follows  long 
continued  suppuration,  may  perhaps  be  ascribed  to  its  ac- 
tion, and  tend  to  its  discharge,  viz.  the  ulceration  of  part 
of  the  mucous  membrane  of  the  bowels,  and  colliquative 
diarrhoea. 

The  formation  of  pus  within  the  vessels  of  inflamed 
parts,  and  its  gradual  admixture  with  the  blood,  are  prin- 
ciples of  much  importance  likewise,  as  illustrating  the  fre- 
quent extension,  or  re-appearance,  of  various  kinds  of  or- 
ganic disease,  such  as  Tubercles,  Melanosis,  or  Fungus  hae- " 
matodes. 

The  dependence  of  the  process  of  Ulceration  on  absolu- 
tion, co-existent  almost  always  with  the  effusion  of  pus, 
and^the  fallacy  of  the  old  opinion,  which  ascribed  the  loss 
of  substance  in  ulceration  to  solution  of  the  solids  of  the 
body  in  the  pus  formed  at  the  time,  were  fully  and  satis- 
factorily illustrated  by  Mr  Hunter  ;  partly  by  comparing 
the  process  with  other  cases,  where  from  pressure,  from 
inflammation,  or  in  the  natural  growth  of  parts,  absorption 
to  an  equal  extent  goes  on  in  the  body, — and  partly  by 
pointing  out  the  numerous  instances  of  disease,  in  which 
great  effusion  of  pus  takes  place  without  any  diminution, 
or  even  with  increase,  of  the  solid  texture  yielding  it. 

That  this  effect  of  inflammation  should  frequently  be 
determined  by  pressure  on  inflamed  parts,  we  can  easily 
understand  from  what  we  know  of  the  effect  of  pressure 
in  increasing  absorption ;  which  may  perhaps  be  ascribed 
simply  to  its  impeding  the  efllux  from  the  small  arteries, 
and  favouring  the  ingress  into  the  small  veins  of  the  part. 
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In  like  manner,  tlie  increased  tendency  to  ulceration 
which  is  given  by  a  languid  state  of  the  circulation,  gene- 
ral or  local,  may  easily  be  understood ;  but  there  are  other 
cases  of  inflammation,  as  that  from  specific  poisons,  or  that 
of  certain  textures  as  compared  with  others,  which  tend 
peculiarly  to  ulceration, — but  where  the  reason  of  this  ten- 
dency is  quite  obscure.  * 

The  putrefaction  of  parts  affected  with  Gangrene  from 
inflammation,  implies  both  cessation  of  circulation  and  loss 
of  vitality  in  the  blood.  The  mere  circumstance  of  over- 
distention  of  the  small  vessels,  may  be  thought  sufficient 
to  explain  their  loss  of  power,  just  as  the  bladder  or  the 
bowels  become  powerless  from  distention ;  but  many  ves- 
sels in  a  gangrenous  part  probably  lose  their  power  with- 
out being  more  distended  than  in  other  cases  where  they 
retain  it ;  and  the  vital  contraction  of  the  capillaries  does 
not  appear  to  be  an  agent  of  much  efficacy.  The  principle 
to  which  this  termination  of  inflammation  is  commonly  re- 
ferred, is  that  of  increased  action  being  necessarily  followed 
by  diminution  or  exhaustion  of  vital  power;  but  it  is  still 
doubtful  how  far  this  principle,  deduced-  chiefly  from  the 
observation  of  voluntary  muscular  motions,  can  be  ascribed 
to  the  involuntary  motions,  or  to  those  changes  which  we 
refer  to  the  head  of  Vital  Affinities. 

It  is  certain,  however,  that  the  tendency  to  this  termina- 
tion of  inflammation  is  given  in  most  cases,  by  circum- 
stances in  the  part  affected,  or  in  the  condition  of  the 
patient,  which  are  known  to  depress  all  vital  action,  as 
may  be  shewn  by  rcferi'ing  to  the  enumeration,  formerly 
given  *,  of  the  cases  in  Aviiich  this  termination  is  the  most 
frequent. 

•  P.  41G. 
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SECTION  V. 

OF  THE  PROXIMATE  CAUSE  OF  INFLAMMATOKY  FEVER. 

The  same  general  remarks,  on  the  limits  which  the  na- 
ture of  the  suhject  imposes,  apply  to  all  inquiries  into  the 
nature  of  Fever  (of  which  that  symptomatic  of  inflamma- 
tion may  he  regarded  as  the  simplest  case)  as  to  those  which 
relate  to  Inflammation. 

Although  the  fehrile  symptoms,  accompanying  even 
simple  inflammation,  in  some  cases  appear  earlier  than  the 
local  symptoms,  yet  the  general  case  is,  that  they  succeed 
these;  and  it  is  so  general  a  fact,  that  fever  succeeds  any  ex- 
tensive inflammation,  hy  whatever  cause  excited,  in  a  heal- 
thy constitution,  that  we  cannot  hesitate  ahout  regarding 
general  fever  as  the  natural  effect  of  inflammation. 

Now,  it  may  he  conjectured  that  inflammation  may  ex- 
cite general  fever  in  difl^rent  ways, — either  hy  tainting  the 
Blood,  which  is  afterwards  to  be  diffused  over  the  body;  or 
by  causing  such  change  of  the  vital  contractile  powers 
(perhaps  such  a  constricted  state)  of  the  vessels,  as  may 
extend  itself  over  the  whole  Vascular  System ;  or  else,  by 
making  an  impression  on  the  Nervous  System,  whereby  the 
other  parts  of  the  circulation  may  be  sympathetically  af- 
fected. 

That  the  change  on  the  blood,  which  accompanies  in- 
flammation, is  not  of  itself  sufficient  to  explain  the  fever, 
appeal's  sufiiciently  obvious  from  the  fact,  that  sizy  blood 
exists  in  so.me  persons,  as  in  pregnancy,  without  exciting 
fever ;  and,  again,  that,  in  some  cases,  inflammation  excites 
fever,  without  the  blood  becoming  distinctly  sizy. 

That  it  is  through  the  intervention  of  the  nervous  sys- 
tem, and  not  by  mere  extension  of  an  altered  mode  of  ac- 
tion along  the  vessels,  that  inflammation  excites  fever,  ap- 
pears highly  probable  from  the  following  considerations. 
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1.  This  gmeral  affection  of  tlie  system,  consequent  on 
local  disease,  which  is  seated  in  the  capillaiy  vessels,  ap- 
pears to  be  peculiar  to  animals,  although  actions  similar  to 
those  which  take  place  in  the  capillary  vessels  of  animals 
are  observed  in  vegetables,  and  are  there  also  liable  to  local 
morbid  changes. 

2.  Fever  follows  local  inflammation,  the  more  quickly 
and  surely  in  different  individuals,  as  the  functions  of  the 
nervous  system  are  more  easily  excited. 

3.  The  febrile  affection  of  the  system  consequent  on  in-, 
flammation,  takes  place  suddenly,  and  is  general  and  uni- 
form over  the  body  from  the  first,  as  the  effects  of  mental 
emotions  and  sensations,  and  other  causes  acting  through 
the  nei'vous  system  are;  which  is  different  from  what  might 
have  been  expected,  if  the  febrile  action  of  the  system  were 
the  effect  of  a  change  gradually  extending  over  the  vessels 
from  the  part  inflamed. 

4.  Symptoms  very  much  akin  to  those  which  usher  in 
fever  consequent  on  inflammation,  maybe  excited  by  causes 
certainly  acting  on  the  nervous  system,  such  as  a  concus- 
sion, or  violent  and  overpowering  sensation  or  emotion. 

5.  The  degree  and  kind  of  fever,  consequent  on  inflam- 
mation of  different  parts  of  the  body,  are  observed  to  vary, 
according  as  the  rest  of  the  system  is  more  or  less  apt  to 
sympathize  with  these  parts ;  i.  e.  (agreeably  to  the  account 
of  sympathies  formerly  given)  according  as  the  sensations, 
excitable  by  impressions  made  on  these  parts,  are  apt  to  in- 
fluence other  parts  of  the  body  *.  Now,  the  sensations  of 
these  parts  undoubtedly  act  only  through  the  intervention 
of  the  nervous  system,  and  hence  arises  a  strong  presump- 
tion, that  it  is  through  the  nervous  system  also  that  in- 
flammations in  different  parts  excite  general  fever. 

We  shall  afterwards  see  that  there  are  other  reasons  for 
-thinking  that  fever,  when  unconnected  with  inflammation, 
commences  by  a  change  in  the  nervous  system ;  and  if  so, 
we  have  another  ground  for  the  presumption,  that  inflam- 
matory fever  also  is  excited  in  this  way.    We  judge  the 

■  See  James  on  Inflammation. 
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immediate  cause  of  the  alteration  of  vascular  action  in  in- 
flammatory fever  to  be,  therefore,  an  impression  on  the 
Nervous  System,  consequent  on  the  local  inflammation,  and 
acting  on  the  organs  of  circulation  in  a  manner  somewhat 
analogous  to  a  concussion,  or  a  violent  sensation  or  emo- 
tion. 

Next,  as  to  the  nature  of  the  change,  produced  in  the 
vascular  system  at  large,  which  constitutes  the  first  step  in 
the  febrile  action,  the  most  essential  part  of  that  change 
was  designated,  byDr  Cullen,  by  the  phrase  Spasm  of  the 
Extreme  Vessels,  because  there  is  clear  evidence,  that  du- 
ring the  febrile  state  the  natural  secretions  from  the  ca- 
pillary vessels  take  place  more  sparingly  and  imperfectly 
than  during  health.  Although  the  circulation  is  as  much  ac- 
celerated as  by  violent  exercise,  the  skin  is  dry,  or  any  sweats 
that  take  place  are  transient,  and  ineff"ectual  in  reducing  the 
temperature ;  the  clammy  tongue,  thirst,  impaired  appetite 
and  digestion,  and  usually  costive  bowels,  denote  deficiency 
of  the  various  secretions  of  the  ]}rimce  vice;  the  quantity  of 
urine  is  less  than  the  usual  proportion  to  the  liquid  ingqsta 
would  make  it,  and  its  colour  and  saline  impregnation  pro- 
portionally greater  than  usual ;  any  morbid  secretions,  such 
as  ulcers,  are  diminished  or'  suspended,  and  nutrition  ap- 
pears at  a  stand,  while  absorption  goes  on. 

These  phenomena,  succeeding  to  a  state  of  constriction 
and  coldness  of  the  surface  of  the  body,  and  attending  an 
increased  frequency,  and  often  strength,  of  the  heart's  ac- 
tion, evidently  indicate  that  the  natural  and  healthy  rela- 
tion between  the  strength  of  the  heart's  action,  and  the 
amount  of  vital  actions  in  the  capilhiries  over  the  body,  is 
materially  altered  ;  and  if  we  supposed,  as  Cullen  did,  that 
contraction  of  the  heart,  and  of  the  diff'erent  orders  of  ves- 
sels, are  the  only  causes  by  which  the  amount  of  secre- 
tions and  excretions  is  determined, — we  should  admit,  that 
the  supposition  of  spasm  in  the  extreme  vessels,  confin- 
ing the  circulation  to  the  larger  of  the  vessels  that  ter- 
minate in  veins,  is  at  least  highly  probable.  But  wo  have 
seen  reason  to  believe,  that  the  amount  of  secretions  and 
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excretions  is  very  much  influenced  by  other  causes,  be- 
sides the  contractions  of  any  living  solids ;  and  therefore, 
instead  of  speaking  of  spasm  of  the  extreme  vessels,  we 
use  the  expression  deficient  vital  action  in  the  extreme  vessels^ 
as  more  accurately  indicating  what  we  know  to  be  the  fact, 
as  to  the  state  of  the  functions  that  go  on  there,  as  com- 
pared with  the  excited  condition  of  the  heart,  in  fever.  And 
it  seems  probable,  that  the  chief  cause  of  this  deficiency  of 
vital  action  is  a  torpor  of  the  vital  affinities,  rather  than  any 
alteration  of  the  vital  power  of  the  vessels. 

We  have  seen,  that  there  are  powers  acting  in  the  ex- 
treme vessels,  which  dilate  and  expand  the  arteries  leading 
to  the  parts  where  they  are  exerted, — such  powers  as  act 
in  the  uterus  during  pregnancy,  and  in  the  breasts  during 
lactation,  and  which  appear  to  consist  in  increase  of  the 
affinities  by  which  the  solids  or  fluids  of  the  body  attract 
their  appropriate  pabulum  from  the  blood.  When  these 
powers  are  diminished,  (as  they  certainly  may  be  by  causes 
acting  through  the  Nervous  System)  the  effect  must  be  the 
same  as  if  the  tonicity,  or  contractile  tendency,  of  the 
smallest  capillaries  were  increased  ;  the  flow  of  blood 
through  them  will  be  diminished,  and  proportionally  more 
of  the  blood  will  be  returned  by  the  largest  of  the  branches 
that  communicate  with  the  veins. 

It  is  to  be  observed,  that  an  excited  condition  of  the  heart's 
action  is  always  followed  by  some  diminution  of  secretions, 
as  we  see  in  the  efi'ect  of  exercise  ;  but  this  diminution  of  se- 
cretions is  more  partial  than  in  fever,  and  is  unattended  with 
the  diminution  of  voluntary  muscular  power ;  and  besides, 
the  indications  of  deficient  vital  action  in  the  capillaries  in 
fever,  evidently  precedes  any  decided  increase  of  the  fre- 
quency and  strength  of  the  pulse,  and  therefore  appears  to 
be  tlie  cause,  not  the  effect,  of  the  Febrile  Reaction. 

Now,  in  whatevei;  way  it  may  happen  that  the  vital  ac- 
tions in  the  capillaries  are  impaired  in  fever, — the  mere 
circumstance  of  their  being  impaired,  implies  that  the  mo- 
tion of  the  blood  through  them  will  be  limited  and  imper- 
fect ;  the  flow  of  blood  in  the  capillary  vessels  of  the  greater 
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circulation  will  be  obstructed,  somewliat  in  like  manner 
as  the  flow  in  the  capillaries  of  the  lesser  circulation  is  ob- 
structed, when  the  exposure  of  the  blood  to  the  air  at  the 
lungs  is  in  any  way  impeded ;  and  the  quantity  of  blood  that 
returns  to  the  heart  by  the  largest  of  the  vessels  that  open 
into  the  veins,  will  be  proportionally  increased ;  and  this 
state  of  things  at  the  extremities  of  the  circulation  is  cer- 
tainly, as  Hoffman  and  Cullen  taught,  an  adequate  cause 
for  the  aff'ection  of  the  heart  in  fever. 

The  effect  of  temporary  toi'por  of  the  vital  actions  in  the 
capillaries,  obstructing  the  free  motion  of  the  blood  there, 
and  thereby  leading  to  temporary  excitement  of  the  heart, 
is  illusti'ated  by  the  fact,  that  permanent  obstruction  to  tlie 
free  flow  of  blood  from  the  heart,  in  cases  where  the  large 
arteries  are  rigid  and  inert  from  disease,  leads  to  permanent 
excitement,  and  thereby  to  increased  bulk  and  strength,  or 
hypertrophy  of  the  heart. 

That  the  obstructed  flow  of  blood  in  the  capillaries,  and 
accelerated  return  by  the  veins,  is  the  cause  of  the  excited 
condition  of  the  heart  in  feyer,  appears  farther  from  the  ef- 
fect of  bloodletting  in  the  cold  stage,  (especially  of  Inter- 
mittent Fever,  where  the  successive  stages  are  the  best 
marked)  which  has  been  repeatedly  observed  to  arrest  the 
progress  of  the  existing  paroxysm. 

The  increased  energy  given  to  the  heart's  actions  by 
muscular  exercise,  accelerating  the  motion  of  venous  blood 
towards  it,  appears  to  be  analogous  to  that  which  is  given 
to  it  in  the  beginning  of  fever,  when  the  blood,  not  diver- 
ging so  readily  as  before  into  the  smallest  capillaries,  is 
returned  more  rapidly  to  the  heart. 

There  is  no  difiiculty  in  understanding,  how  an  increas- 
ed action  of  the  heart,  thus  produced  by,  and  co-existing 
with,  deficient  vital  action  in  the  capillaries,  should  pro- 
duce the  chief  symptoms  of  the  hot  stage  of  fever,  such  as 
heat  of  skin,  flushing,  headach,  thirst,  &c. 

In  thus  attempting  to  trace  the  mode  in  which  local  in- 
flammation appears  to  excite  general  fever,  there  is  no  oc- 
casion to  refer  to  what  has  been  called  the  Vis  Naturaj 
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Medicati'ix,  and  indeed  all  reference  to  that  supposed  agent 
amounts  to  nothing  more  than  a  statement  of  the  final 
cause,  or  ultimate  result,  of  the  changes  ascribed  to  it, — 
which,  however  important  as  evidence  of  design,  and  of 
the  moral  government  of  the  world, — is  of  no  avail  in  sim- 
ply tracing  tlie  sequence  of  physical  causes  and  effects. 

Neither  is  there  any  ground  for  thinking,  as  Cullen 
did,  that  the  increased  action  of  the  heart  has  ultimately  the 
effect  of  resolving  the  diseased  condition  of  the  capillary 
arteries,  and  is  thus  the  chief  agent  in  removing  the  dis- 
ease ;  for  the  abatement  of  the  mordid  condition  of  the  ca- 
pillaries generally  takes  place  at  a  time  when  the  action  of 
the  heart  has  already  become  weaker,  and  is  often  remark- 
ably promoted  by  the  use  of  means  which  rapidly  and  de- 
cidedly enfeeble  that  action. 

In  fact,  the  fever  that  is  symptomatic  of  inflammation, 
although  it  changes  its  character  materially,  does  not  al- 
together subside,  until  the  morbid  actions  consequent  on 
the  inflammation  have  ceased ;  and  for  the  cessation  of 
these,  in  a  case  left  to  Nature,  we  can  assign  no  other  rea- 
son than  the  essentially  temporary  nature  of  the  diseased 
state  in  which  they  originate. 

There  is  no  difficulty  in  understanding  how  it  should 
happen,  that  in  some  cases  already  mentioned,  especially 
the  case  of  inflammation  of  the  abdomen,  and  of  inflamma- 
tion preceded  by  a  violent  injury  and  concussion,  the  reac- 
tion in  the  inflammatory  fever  should  be  deficient ;  and  the 
whole  febrile  symptoms  remarkably  modified  by  that  cir- 
cumstance ;  because  these  are  cases,  in  which  the  effect  of 
the  inflammation  is  combined  with  the  agency  of  a  cause 
which  evidently  depresses,  and  when  it  acts  in  the  high- 
est degree  extinguishes,  the  vital  power  of  the  heai't, — as 
has  been  sufficiently  illusti'ated  when  we  treated  of  the  de- 
pressing or  even  fatal  effect  of  various  injuries,  or  rapid 
diseases,  of  the  abdomen,  and  of  the  effect  of  those  injuries 
of  the  whole  body  wliich  are  fatal  by  concussion. 

A  somewhat  similar  form  of  inflammatory  fever,  with 
feeble  or  deficient  reaction,  may  be  observed  in  the  case  of 
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inflammatiou  excited  by  the  introduction  of  a  poison  into  any 
part  of  tlie  system,  and  also  in  the  case  of  inflammation  af- 
fecting a  vein,  and  leading  to  the  formation  of  pus,  which 
mixes  with  the  blood,  and  may  probably  act  as  a  poison ; 
and  in  these  cases  likewise  it  is  obvious  that  the  heart's  ac- 
tions are  aff^ected  by  another  cause  besides  the  existence  of 
a  local  inflammation. 


SECTION  VI. 

OF  THE  MODES  OF  FATAL  TERMINATION  OF  INFLAMMATORY 

DISEASES. 

In  order  that  the  Pathology  of  this  or  any  other  diseased 
state  may  be  satisfactory,  and  susceptible  of  practical  ap- 
plication, it  is  evidently  necessary  that  we  should  under- 
stand, not  only  the  changes  tliat  take  place  in  the  organs 
afi^ected,  and  the  way  in  which  they  are  efi^ected,  but  also, 
the  manner  in  which  these  influence  the  actions  of  the 
system  at  large,  and  ultimately  extinguish  life.  It  is  by  the 
knowledge  and  anticipation,  in  individual  cases,  of  the  par- 
ticular kinds  of  fatal  termination  to  be  apprehended  from 
them,  that  rational  and  scientific  practice  in  inflammatory 
diseases  must  necessarily  be  regulated ;  and  fortunately  we 
have  more  accurate  information  on  this  subject,  by  reference 
to  the  simpler  cases  of  violent  death,  already  considered,  than 
we  have  as  to  the  nature  of  the  inflammatory  action  itself. 

It  is  to  be  observed,  however,  that  none  of  the  fatal  ter- 
minations of  inflammation  are  inevitable  ;  when  the  eff"ects 
which  lead  to  them  have  ab'eady  commenced,  there  are  still 
provisions  of  natui-e  by  which  all  of  them  may  be  arrested; 
it  is  by  the  degree,  not  by  the  mere  existence  of  these  ef- 
fects, that  the  fatal  event  is  always  determined. 

I.  Inflammation  is  sometimes  quickly  fatal,  independent- 
ly of  any  alteration  in  the  texture  of  the  inflamed  part,  sim- 
ply by  the  gradual  depression  of  the  powers  of  the  circnla- 
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tion  which  attends  it,  and  which  may  be  called  a  strictly 
sympathetic  effect.  The  case  of  inflammation  of  the  Peri- 
toneum is  the  best  example  of  this  danger.  This  inflam- 
mation is  sometimes  fatal  (especially  if  it  has  occurred  in 
consequence  of  a  perforating  ulcer  of  the  intestine  and 
effusion  of  feculent  matter)  without  even  effusion  of  lymph 
on  the  inflamed  surface.  When  effects  of  this  inflamma- 
tion, perceptible  on  dissection,  are  found,  they  bear  no 
fixed  proportion  to  the  intensity  or  rapidity  of  the  symptoms ; 
and  in  all  cases  of  this  kind,  the  disorganization  which  is 
found,  effusion  of  serum,  of  lymph,  or  of  pus,  thicken- 
ing of  the  membrane,  even  gangrene  of  the  membrane 
(which  is  more  rarely  found),  although  they  may  explain 
torpor  of  the  intestines,  afford  no  explanation  of  the  gradual 
but  rapid  depression  and  ultimate  extinction  of  the  heart's 
action,  and  consequent  coldness  of  the  surface ;  otherwise 
than  by  reference  to  the  principle  already  explained  *,  that 
any  violent  injury  of  the  abdomen,  by  virtue  probably  of 
the  intense  and  peculiar  sensation  it  excites,  acts  as  a 
powerful  sedative  on  the  heart. 

There  is  very  great  variety  as  to  the  length  of  time,  af- 
ter inflammation  of  this  texture  has  commenced,  before 
this  sympathetic  influence  on  the  heart  becomes  manifest,— 
as  to  the  rapidity  with  which  it  advances, — as  to  the  extent 
and  degree  of  inflammatory  effusions  that  go  along  with  it, 
— and  as  to  the  period  within  which  it  may  be  fatal.  Even 
when  the  consequences  of  inflammation,  found  on  dissec- 
tion, are  the  same, — effusion  of  pus  and  of  soft  lymph, — 
the  duration  of  the  disease  may  have  varied  from  thirty- 
six  hours  to  several  weeks,  and  for  this  variety  we  can- 
not assign  with  confidence  any  cause  but  peculiarity  of  con- 
stitution. But  it  is  in  this  manner  almost  exclusively  that 
inflammation  of  this  part  produces  death,  an^  it  affords  the 
best  example  of  death  beginning  at  the  heart,  and  uncom- 
plicated with  simultaneous  affection  of  the  brain,  whick  oc- 
curs in  any  disease. 

Inflammation  of  the  Mucous  Membrane  of  the  bowels, 

•  See  p.  333. 
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producing  the  symptoms  of"  dysentery,  is  sometimes,  though 
rarely,  fatal  in  its  first  stage,  when  the  only  effect  visible 
on  dissection  is  effusion  of  lymph,  taking  somewhat  of  a 
tuberculatedform,  on  this  membrane.    In  such  cases,  death 
is  produced  just  in  the  same  way  as  in  the  cases  of  peri- 
tonitis now  mentioned.    More  generally,  inflammation  of 
the  mucous  membrane  of  the  bowels  goes  to  ulceration 
long  before  it  is  fatal,  but  it  is  almost  always  attended  with 
more  or  less  of  the  sedative  effect  on  the  circulation,  which 
is  so  strikingly  exemplified  in  these  rapid  cases ;  and  this 
is  apparently  the  reason  of  dysentery  having  been  ranked 
with  putrid,  rather  than  inflammatory  diseases,  by  the  older 
pathologists. 

Inflammations  of  the  kidneys,  bladder,  uterus,  and  larger 
joints,  may  be  fatal  on  the  same  principle,  without  any  such 
visible  effect  resulting  from  them,  as  can  impair  the  func- 
tions of  the  organs  essential  to  life,  and  before  thei-e  is  time 
for  any  exhausting  process  of  suppuration  or  ulceration  to 
be  established.  And  although  inflammation  of  the  liver 
generally  leads  to  decided  disorganization  before  it  is  fatal, 
yet  the  change  effected  on  that  organ  is  often  inadequate 
to  explain  the  cause  of  the  symptoms,  and  the  fatal  event, 
otherwise  than  on  the  same  principle. 

II.  Inflammation  is  sometimes  fatal  by  reason  of  the 
Serous  Effusions  consequent  on  it,  impeding  and  obstruct- 
ing the  functions  of  parts  essential  to  life.  This  may  hap- 
pen especially  in  three  situations.  1.  When  inflammation 
of  the  brain,  marked  by  the  symptoms  of  phrenitis  or  acute 
hydrocephalus,  leads  to  such  effusion  into  the  ventricles  of 
the  brain  as  causes  fatal  Coma.  2.  When  inflammation 
of  the  mucous  membrane  of  the  larynx  produces  a;dema  of 
the  glottis,  and  consequent  Strangulation.  3.  In  the  rare 
case,  where  inflammation,  attacking  both  lungs  at  once,  is 
fatal  in  its  earliest  stage,  before  any  other  consequence  than 
serous  eff'usion  into  the  cells  of  the  lungs  has  taken  place, 
but  that  so  generally  as  to  disqualify  the  lungs  for  their 
function,  and  cause  death  by  Asphyxia. 
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In  all  these  cases  thei*e  is  a  diflficulty  in  assigning  inflam- 
mation as  the  cause  of  death  where  nothing  hut  serous  ef- 
fusion is  found  on  dissection ;  nor  are  we  justified  in  doing 
so,  merely  from  the  appearances  in  the  dead  body.  In 
merely  chronic  cases,  great  effusion  into  these  parts  may 
take  place  independently  of  inflammation ;  and  in  the  case 
of  effusion  within  the  cranium,  not  only  when  the  sutures 
yield  and  the  head  is  gradually  enlarged,  but  when  there 
is  no  such  enlargement,  we  know,  that  the  greatest  ac- 
cumulations of  serum,  and  distention  of  the  ventricles,  are 
exceedingly  slow  in  their  progress ;  and  are  unattended,  at 
least  during  most  of  their  progress,  with  inflammatory 
symptoms  during  life,  or  any  decisive  indications  of  in- 
flammation after  death. 

It  is  therefore  always  by  a  comparison  of  the  serous  eff'u- 
sion,  found  in  the  parts  above  mentioned  after  death,  with 
the  causes,  duration,  and  pi'ogress  of  the  symptoms  before 
death,  that  we  judge  such  eff^usions  to  be  inflammatoiy. 
When  we  find,  e.g.  such  efl^usion  into  the  ventricles  of  the 
brain,  as,  if  taking  place  within  a  few  days,  must  necessari- 
ly imply  much  pressure  on  the  brain,  and  explain  a  fatal 
coma  equally  as  efi^used  blood  or  depressed  bone  does, — 
preceded  by  violent  symptoms  of  a  few  days  duration, — 
and  these  symptoms  just  the  same  as  are  seen  in  other 
cases,  where,  on  dissection,  not  only  serum,  but  pus  and 
lymph  are  found  eff'used  on  the  brain, — we  cannot  hesitate 
about  regarding  the  serous  effusion  also  as  a  result  of  in- 
flammatory action.  And  in  fact,  in  many  of  the  cases  to 
be  mentioned  under  the  next  head,  where  lymph  or  pus  are 
effused  into  the  brain,  air-passages,  or  lungs,  the  fatal  coma 
or  asphyxia  cannot  be  ascribed  to  them  alone,  but  must  be 
held  to  be  in  part  the  effect  of  the  concomitant  effusion  of 
serum. 

III.  In  many  cases,  inflammation  within  the  Head  or 
Chest,  has  such  distinct  and  unequivocal  effects  as  satisfac- 
torily explain  death  by  Coma  or  by  Asphyxia. 

1.  The  formation  of  circumscribed  abscesses  containing 
pus  within  the  substance  of  the  brain, — the  "  ramollissemcnt 
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rouge,"  or  softening  with  serous  and  bloody  infiltration,  the 
"ramollissementjaune,"  or  softening  with  purulent  infiltra- 
tion of  that  substance,  and  the  effusion  of  an  extensive  layer  of 
soft  lymph  or  of  pus,  on  either  surface  of  the  pia  mater,  whe- 
ther attended  with  serous  effusion  into  the  ventricles  or  not, 
are  held  to  be  sufiicieut  to  explain  not  only  convulsions,  de- 
lirium or  palsy,  but  stupor  and  death.  For  altliough  it  be 
true,  as  formerly  stated,  that  these  and  other  injuries  of  the 
nervous  matter,  superior  to  the  medulla  oblongata,  do  not 
necessarily  imply  any  such  consequences;  and  although  the 
inflammatory  action  which  produces  these  effects  may  take 
place  with  very  A'arious  degrees  of  rapidity,  and  be  attend- 
ed with  a  considerable  variety  of  symptoms;  yet  it  is  evi- 
dent that  when  it  does  take  place  rapidly,  it  must  naturally 
make  such  an  impression  on  the  substance  of  the  brain,  and 
such  a  change  on  the  circulation  there,  to  -some  distance 
from  its  own  seat,  as  may  effectually  disqualify  it  for  its 
function.  And  it  is  known  by  sufficient  experience,  that 
when  the  general  sj^mptoms  of  inflammation,  and  the  par- 
ticular symptoms  of  derangement  of  the  functions  of  the 
brain,  have  occurred  with  violence,  and  advanced  rapidly 
to  coma  and  death,  these  appearances,  and  these  only,  have 
often  been  found  on  dissection. 

In  some  cases  of  partial  softening  of  the  substance  of  the 
brain;  the  condition  to  which  the  affected  part  is  reduced 
approaches  to  sphacelus;  and  in  some  instances  of  this  kind 
effusion  of  blood  into  these  disorganized  portions  takes 
place,  which  will  naturally  account  for  rapid  acceleration 
of  the  fatal  coma  *. 

In  other  instances,  where  effused  blood  and  surrounding 
softening  of  the  brain  are  found,  the  progress  of  the  symp- 
toms gives  us  reason  to  believe,  that  the  effusion  of  blood  by 
rupture  of  vessels  is  the  first  change. 

Induration  of  portions  of  the  brain  from  inflammation  is 
sometimes  likewise  the  chief  cause,  which  appears  on  dis- 
section for  fatal  coma ;  but  the  progress  of  such  cases  is 
generally  so  slow,  that  they  are  to  be  regarded  rather  as  on 
the  footing  of  organic  diseases  connected  with  alteration 

•  See  Akdral,  Precis.  &c.  t.  ii.  p.  764. 
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of  the  nutrition  of  these  parts,  than  as  the  results  of  inflam 
niation  simply. 

2.  When  the  Pericardium  is  inflamed,  there  often  re- 
sults such  an  effusion  of  scrum  loaded  with  flakes  of  lymph, 
or  of  soft  but  concrete  lymph  almost  without  serum,  or  sub- 
sequently of  purulent  matter,  as  necessarily  impedes  and 
alters,  and,  within  a  time  admitting  of  great  variety  (from 
forty-eight  hours  to  sevei-al  weeks),  finally  suppresses 
the  action  of  the  heart.  But  as,  in  such  cases,  the  func- 
tions of  other  parts,  and  especially  of  the  lungs,  naturally 
sufl^er  likewise,  the  death  from  this  cause  seldom  takes  place 
so  distinctly  and  simply  in  the  way  of  Syncope,  as  in  other 
cases  of  inflammatory  diseases  already  noticed,  where  the 
affection  of  the  heart  is  truly  sympathetic. 

3.  When  the  mucous  membrane  of  the  Larynx  and  Tra- 
chea is  severely  inflamed,  there  is  always  reason  to  appre- 
hend rapidly  fatal  Asphyxia,  either  from  an  efi'usion  of  lymph 
forming  a  preternatural  membrane,  obstructing  the  glottis, 
and  sometimes  stretching  down  to  the  bronchiae  (which 
occurs  chiefly,  though  not  exclusively,  in  young  children), 
or  from  efi'usion  of  pus  behind  the  membrane  about  the 
glottis,  or  even  from  mere  inflammatory  thickening  of  the 
membrane  (with  or  without  the  serous  infiltration  already 
noticed)  at  that,  which  is  the  narrowest  part  of  the  air- 
passages. 

It  is  important  to  be  aware,  that  death  may  occur  with 
similar  indications,  by  strangulation  rather  than  suffoca- 
tion, in  consequence  of  eff'usion  of  pus  into  the  cellular  sub- 
stance surrounding  the  pharynx,  causing  pressure  on  the 
rima  glottidis. 

4.  When  the  lining  membrane  of  the  Bronchiae  is  inflam- 
ed, an  increased  secretion  of  mucus,  often  changing  gra- 
dually to  the  puriform  appearance,  necessarily  results;  and 
although  this  may  go  to  a  great  extent  and  last  very  long 
without  danger,  yet  it  becomes  certainly  dangerous,  and  may 
even  cause  rapidly  fatal  asphyxia,  by  the  obstruction  it 
gives  to  the  access  of  the  air  to  the  blood,  in  two  cases, — 
first,  when  it  occurs  in  a  feeble  habit, — as  in  the  very  old 
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or  tho  very  young,  or  in  the  course  of  weakening  diseases, 
when  expectoration  is  difficult  and  imperfect;  and  secondly, 
when  it  occurs  (as  seldom  happens  in  idiopathic  cases)  ge- 
nerally in  hoth  lungs,  and  extends  every  where  to  the  mi- 
nute branches  of  the  bronchia;  * 

5.  When  the  substance  of  the  Lungs  is  extensively  in- 
flamed, the  eflFusion  into  the  air-cells  of  lymph,  more  or 
less  coloured  by  the  red  matter  of  the  blood,  and  tending 
more  or  less  rapidly  to  conversion  into  purulent  matter,  must 
be  expected  to  cause  such  impediment  to  the  arterialization 
of  the  blood,  as  to  threaten  death  by  asphyxia  within  a  few 
days. 

.  6.  When  the  Pleura  is  inflamed  pretty  generally  on  one 
side  of  the  chest,  it  often  happens  that  the  fluid  effused  in- 
to its  sac,  and  which  gradually  assumes  the  character  of 
pus,  becomes  so  abundant  as  to  compress  the  lung  of  that 
side  to  such  a  degree  (although  with  very  vai'ious  rapidity), 
as  to  disqualify  it  for  its  function,  and  threaten  death  by 
asphyxia. 

In  both  these  last  cases  there  is  a  difficulty  as  to  the  re- 
ference of  death  to  the  inflammatory  effusion  compressing 
or  obliterating  the  cellular  structure  of  the  lungs,  from  the 
observation  of  the  great  variety  in  the  amount  of  effusion 
found  after  death  in  different  individual  cases ;  the  portion 
of  the  lungs  left  fit  for  their  functions  being  in  some  cases 
much  smaller  than  in  others, — whei-eas  the  danger  from  this 
cause  might,  on  first  consideration  of  the  subject,  seem  to 
be  just  in  proportion  to  the  amount  of  obstruction  of  the 
air-cells. 

But  this  difficulty  is  removed  if  we  attend  to  the  following 
considerations,  ^rs^,  that  in  cases  where  the  whole  quantity 
of  blood  in  the  body  is  less  than  usual,  there  is  less  occasion 
for  a  large  amount  of  healthy  lung  to  arterialize  this  blood, 
than  when  the  full  quantity  of  blood  circulates  in  the  vessels; 
secondly,  that  when  a  portion  of  lung  is  gradually  rendered 
unfit  for  its  office,  the  blood  of  the  pulmonary  artery,  as  in- 
jections demonstrate,  is  gradually  diverted  from  the  dis- 

•  See  Laennec,  Traitff  de  I'Auscultation,  &c.  t.  i.  p.  903. 
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eased  portitm,  and  directed  to  the.  healthy  parts  *  ;  thirdly, 
that  in  many  cases  the  effects  of  peripneumony  and  pleurisy, 
now  in  question,  are  combined,  either  with  each  other,  or 
with  the  other  causes  of  asphyxia  already  mentioned. 

Indeed,  several  of  the  different  causes  of  the  fatal  termi- 
nation of  inflammatory  disease  of  which  we  now  treat,  are  of- 
ten and  very  variously  combined  in  different  individual  cases. 

IV.  There  are  cases  in  which  inflammation  is  fatal,  ap- 
parently by  reason  of  some  part  of  the  effusions  to  which 
it  gives  rise,  being  mixed  with  the  blood,  and  acting  on  the 
footing  of  a  poison.  Thus,  when  inflammation  is  excited 
in  a  spot  on  the  surface,  by  the  application  of  a  specific 
Poison,  as  by  a  wound  in  dissection,  it  is  speedily  attended 
by  the  formation,  probably  of  a  similar  poison,  which  is 
evidently  absorbed,  and  excites  fresh  inflammation  in  the 
line  of  its  passage  into  the  mass  of  the  blood ;  but  this  in- 
flammation is  attended  by  a  peculiar  typhoid  fever,  in  which 
the  heart's  action  is  rapidly  depressed,  which  bears  no 
fixed  proportion  to  the  extent  or  intensity  of  the  inflamma- 
tion itself,  and  by  which  death  takes  place  without  visible 
injury  of  any  vital  organ  ;  sometimes  before  the  inflamma- 
tion has  advanced  beyond  its  first  stage  f,  and  generally 
long  before  it  has  gone  so  far  as  in  the  more  usual  inflam- 
mations of  the  same  parts. 

Again,  in  the  case  of  inflammation  of  the  lining  mem^ 
brane  of  a  Vein,  the  accompanying  fever  soon  takes  a  simi- 
lar typhoid  form,  often  with  vomiting  and  purging,  always 
with  a  feeble  or  depressed  state  of  the  heart's  action,  as  well 
as  with  dei'angement  of  the  nervous  system.  In  many  such 
cases,  this  typhoid  form  of  the  fever,  rather  than  any  effect 
which  we  can  ascribe  to  the  inflammation  itself,  appears  to 
lead  to  the  fatal  termination ;  in  like  manner,  as  a  similar 
combination  of  typhoid  symptoms  does,  when  occurring 
idiopathically,  or  as  a  part  of  a  malignant  contagious  febrile 

•  See  ScHRiiiDEB.  Van  der  Kolk,  Obsen'ations  Aiiat.  Tathol.  p.  60. 
t  See  T RAVERS  on  Constitutional  Irritation. 
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disease ;  and  this  peculiarity  of  inflammation  of  this  part 
has  been  ascribed  to  the  necessary  admixture  of  mucli  of 
the  inflammatory  effusion  with  the  circulating  blood,  with 
more  probability  than  to  any  other  cause. 

V.  In  many  cases,  the  fatal  termination  of  inflammatory 
diseases  cannot  be  ascribed  to  any  mechanical  or  even  vital 
agency  of  products  of  the  local  disease,  but  is  effected  by 
gradual  exhaustion  of  the  vital  powers  during  the  proces- 
ses of  Suppuration,  and  of  Ulceration  or  Sloughing.  In 
such  cases,  death  takes  place  rather  by  syncope  than  by  coma 
or  asphyxia ;  but  often  after  so  slow  a  process  as  to  resemble 
more  the  death  by  fasting  than  that  by  concussion,  or  by 
any  injury  directly  depressing  the  heart's  action.  The  fe- 
brile symptoms  attending  suppuration  and  ulceration  have 
usually  the  form  of  hectic  ;  those  which  attend  gangrene 
are  more  I'apid  in  their  progress,  and  more  typhoid  in  their 
character;  but  it  has  been  already  observed,  that  these  last  are 
very  generally  to  be  ascribed,  in  part,  to  some  other  cause, 
acting  simultaneously  with  the  inflammation,  and  depress- 
ing the  vital  powers. 

It  is  by  the  gradual  exhaustion  consequent  on  the  conco- 
mitant fever,  rather  than  by  local  changes,  that  inflamma- 
tion of  the  surface  of  the  bodj'^,  of  the  extremities,  and  or- 
gans of  locomotion,  is  dangerous  or  fatal ;  and  the  danger 
attending  inflammation  and  suppuration  of  some  internal 
viscera,  as  the  liver,  spleen,  kidneys,  and  mucous  mena- 
branes  of  the  intestines,  is  generally  of  the  same  slow  gra- 
dual kind. 

VI.  Inflammation  often  leads,  more  indu-ectly,  to  a  fatal 
termination,  by  gradually  passing  into,  or  blending  itself 
with,  other  modes  of  diseased  action,  which  demand  future 
consideration,  and  aggravating  the  danger  to  which  they 
may  respectively  give  rise.  Local  inflammations  of  certain 
parts,  and  of  a  peculiar  character,  very  often  attend  both 
idiopathic  fever  and  febrile  exanthemata,  and  constitute 
great  part  of  the  danger  of  these  diseases ;  and  it  is  gene- 
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rally  allowed  that  inflammatory  action  sometimes  gives 
origin  to,  and  often  combines  itself  with,  almost  all  the 
chronic  diseases  to  which  the  living  body  is  subject  at  va- 
rious periods  of  their  progress,  and  especially  with  those 
which  imply  the  greatest  danger,  viz.  those  which  consist 
in  perversion  of  the  nutrition,  and  increase  of  the  exhala- 
tions of  various  textures,  or  what  are  usually  called  Orga- 
nic Diseases,  and  Dropsies ;  and  the  combination  is  fre- 
quently fatal,  where  either  affection  existing  sepai'ately 
might  subside,  or  pass  into  a  more  inert  or  less  dangerous 
form.  This  kind  of  danger  is,  of  course,  to  be  apprehended 
chiefly  when  the  causes  of  inflammation  are  applied,  either 
simultaneously  with  those  of  other  diseases,  or  to  persons 
in  whom  chronic  diseases,  or  a  strong  predisposition  to 
them,  already  exist. 

As  we  know  that  the  products  of  unequivocal  inflamma- 
tion admit  of  considerable  variety,  and  that  lymph,  ef- 
fused by  inflammation,  may  subsequently  undergo  conver- 
sion into  various  kinds  of  substance,  it  is  evident  that  any 
kind  of  adventitious  texture  that  may  be  formed  in  the 
body  may  originate  in  inflammatory  action,  and  that  it  is 
possible  for  inflammation  to  give  rise  to  every  kind  of  or- 
ganic disease.  But  on  the  other  hand,  as  we  know  that 
the  lymph  which  is  thrown  out  by  simple  and  healthy  in- 
flammation remains  for  an  indefinite  time  quite  inert,  and 
undergoes  gradual  absorption,  after  that  inflammation  has 
subsided,  it  is  clear  that  some  additional  morbific  cause 
acts,  whenever  inflammator.y  effusions  change  their  form, 
and  especially  when  they  increase  in  bulk,  after  that  period ; 
and  many  observations  shew  that,  where  such  morbific 
cause  exists,  very  little  inflammatory  action  is  required  to 
give  origin  or  continuance  to  the  growth  of  adventitious  tex- 
tures, and  the  phenomena  of  organic  disease. 
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SECTION  VII. 

OF  THE  VARIETIES  OF  INFLAMMATION. 

Although  there  are  many  variations  in  the  progress  of 
inflammation,  in  different  instances,  which  cannot  he  re> 
duced  to  any  general  heads ;  yet  it  is  also  ascertained  that 
there  are  varieties  which  admit  of  heing  classified  and  ge- 
neralized, and  the  causes  of  wliich  can  be  assigned ;  and 
these  are  of  such  importance  as  to  demand  a  separate  con- 
sideration. 

I.  After  the  statements  already  made,  it  is  unnecessai-y 
to  dwell  on  differences  among  inflammations  which  are  de- 
pendent on  the  texture  affected  ;  i.  e.  differences  in  inflam- 
mations proceeding  from  the  same  cause,  especially  from 
cold,  and  affecting  different  textures. 

It  is  sufficient  to  observe,  that  inflammation  in  cellular 
substance,  and  in  the  parenchymatous  viscera,  is  generally 
attended  with  less  intense  fever,  and  with  less  pain  (unless 
the  inflamed  parts  are  so  situated  that  their  distention  is 
prevented),  than  that  in  serous  membranes,  and  that  it  is  ge- 
nerally more  limited  in  extent,  and  tends  more  surely  to 
the  formation  of  circumscribed  abscesses  ; — that  the  inflam- 
mation of  the  true  skin  is  rapid  in  its  progress,  and  tends 
especially  to  effusion  of  serum  betwixt  it  and  tbe  cuticle, 
i.  e.  to  vesication,  as  is  seen  in  blistering,  and  in  the  effect 
of  burns,  or  of  mechanical  pressure,  affecting  this  texture 
only  ; — that  the  aciite  inflammation  of  serous  membranes  is 
that  which  spreads  the  most  rapidly,  and  excites  the  most 
pain  and  fever,  tending  first  to  the  effusion  of  scrum  and 
lymph,  and  less  certainly  to  that  of  pus,  and  in  all  parts 
of  the  body,  inflammation  of  these  membranes  possesses 
these  general  characters ; — that  inflammation  of  the  mucous 
membranes  varies  more  in  different  parts  of  the  bod>',  but, 
in  general,  is  attended  witli  less  pain  or  fever,  spreads  less 
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rapidly  and  extensively,  and  tends  first  and  chiefly  to  in- 
crease  and  alteration  of  their  own  secretions  ;  in  some  parts 
also,  especially  in  the  stomach  and  intestines,  to  ulceration. 

Again,  inflammation  of  the  investing  membrane  of  hones, 
and  other  fibrous  membranes  and  cartilages,  has,  in  general, 
less  tendency  to  effusion  of  pus  than  in  many  other  parts;  it 
is  slower  in  its  progress,  and  tends  especially  to  effusion  of 
solid  lymph,  often  afterwards  undergoing  conversion  into 
bone,  and  to  various  alterations  of  the  nutrition  of  the 
bones,  to  which  many  of  these  membranes  are  attached. 
Inflammation  of  bones  themselves,  and  of  cartilages,  has 
also  peculiar  chai'acters,  particularly  in  the  tendency  to  the 
formation  of  fresh  bone,  on  the  one  hand,  and  to  ulceration 
or  sloughing  [i.  e.  caries  and  necrosis),  on  the  other. 

When  rheumatic  inflammation  (which  has  certain  speci- 
fic peculiarities  not  at  present  in  our  view),  attacks  diffe- 
rent textures,  it  is  obvious  that  the  results  to  which  it  leads 
are  determined  by  the  nature  of  these  textures, — the  syno- 
vial membranes  pouring  out  fluid  effusion  only,  the  sheaths 
of  the  tendons,  and  the  pericardium,  if  it  be  affected,  often 
acquiring  a  lining  of  solid  lymph,  the  bones  acquiring  an 
increase  of  solid  matter,  by  which  they  are  enlarged  and 
distorted,  and  the  muscular  fibres  undergoing  no  decided 
change  but  that  of  loss  of  substance  and  of  power ;  this 
last  is  indeed  a  texture,  from  the  nutrient  vessels  of  which 
inflammatory  effusions  perhaps  never  take  place. 

II.  There  are  varieties  in  the  degree  of  intensity  and  ra- 
pidity of  progress  of  inflammations  in  all  parts  of  the  body, 
which  cannot  be  strictly  defined,  but  are  expressed  by  the 
terras  Acute,  Subacute,  and  Chronic.  It  is  right  to  distin- 
guish the  second  aswell  as  the  third  of  these  varieties  from  ac- 
tive and  intense  inflammation,  because  there  are  cases  which 
are  rapid  in  their  progress,  sometimes  even  pretty  extensive, 
but  never  attain  any  great  intensity,  nor  require  very  power- 
ful remedies  to  control  them.  Many  such  occur  in  various 
parts  of  the  body,  sometimes  idiopathically,  sometimes  in  com- 
bination, either  with  acute  febrile  disease  (idiopathic  Fever 
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or  Exanthemata),  or  with  cliroiiic  disease,  functional  or  or- 
ganic ;  and  have  had  the  epithet  Subacute  applied  to  them 
with  more  propriety  than  Chronic. 

The  term  Chronic  is  properly  applied  to  those  inflamma- 
tions which  tend  to  the  same  consequences,  and,  in  many 
instances,  infer  the  same  danger  as  the  acute,  but  run 
their  course  much  more  slowly,  and  generally  with  less 
urgent  symptoms.  It  seems  necessary  to  make  a  deduction 
from  cases  which  have  been  described  as  of  this  kind,  be- 
cause many  such  had  not  been  seen  by  the  describers  at  the 
commencement  of  the  inflammatory  symptoms,  and  may 
therefore  have  been  cases  of  effects,  or  sequelae  of  acute 
inflammation  inadequately  treated,  rather  than  examples 
of  chronic  inflammation.  It  is  proper  sJso  to  exclude,  at 
present,  from  chronic  inflammations,  cases  where  adventi- 
tious textures  are  found,  distinct  from  the  ordinary  pro- 
ducts of  inflammation,  although  there  be  much  difiiculty  in 
distinguishing  these  forms  of  disease  by  their  symptoms. 
But  setting  aside  all  such  ambiguous  cases,  there  remain  a 
large  number,  where  the  usual  results  of  inflammation,  espe- 
cially elFusion  of  grey  or  yellowish  lymph,  and  consequent 
induration  of  textures,  or  effusion  of  pus  (e.  g.  into  the  sac 
of  the  pleura)  has  certainly  taken  place  slowly  and  gradu- 
ally, and  often  with  symptoms,  obvious  indeed  and  decided, 
but  chronic  rather  than  acute, — the  local  affection  being 
for  a  long  time  more  obvious  than  the  constitutional,  and 
the  latter  consisting  more  in  debility  and  emaciation  than 
in  febrile  action. 

Such  Chronic  Inflammations  are  chiefly  seen  in  debili- 
tated habits,  but  it  were  a  fatal  error  to  suppose  that  such 
subjects  are  not  likewise  very  liable  to  attacks  of  acute  in- 
flammation. It  may  perhaps  be  stated  as  a  general  fact, 
that  on  membranes  chronic  inflammation  leads  more  to 
effusion  of  pus,  and  in  the  interior  of  viscera  more  to 
thickening  and  induration. 

III.  There  is  a  well  marked  and  important  difference  be- 
tween the  form  of  inflammation  called  Phlegmonous  and 
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that  called  Erytlicmatic,  in  external  parts.  The  Erythematic 
Inflammation  is  characterized,  1.  By  its  tendency  to  spread 
along  the  surface  of  the  body,  often  subsiding  at  one  part 
as  it  extends  to  another ;  2.  By  its  colour,  which  is 
of  a  less  vivid  red  than  other  external  inflammations, 
and  by  its  producing  vesication  of  the  surface,  but  little 
or  no  effusion  of  solid  lymph  ;  3.  By  the  form  of  the 
accompanying  fever, — which  in  different  cases  bears  no 
pi'oportion  to,  and  does  not  appear  to  be  dependent  on, 
the  extent  or  intensity  of  the  inflammation, — generally 
commencing  in  severe  cases,  to  which  the  name  Erysipe- 
las is  given,  one,  two,  or  even,  three  days,  before  the  inflam- 
mation shews  itself, — being  sometimes  dangerous  or  fatal 
when  the  inflammation  is  slight, — and  very  often  shewing, 
throughout  its  course,  more  prostration  of  strength,  more 
tendency  to  delirium  or  stupor,  more  dryness  of  tongue, 
and  evidence  of  diminished  secretion  over  the  body,  i.  e.  a 
more  typhoid  form,  than  the  fever  that  is  simply  symp- 
tomatic of  inflammation  does. 

In  all  these  respects,  this  form  of  inflammation  may  be 
said  to  be  specific.  It  differs  from  that  which  may  be  ex- 
cited, at  pleasure,  by  mechanical  or  chemical  irritation  of 
the  surface  of  the  body,  although  it  often  supervenes  in  in- 
juries so  excited.  The  body  here  appears  to  be  under  the 
influence  of  a  cause,  which  produces  both  a  peculiar  in- 
flammation, and  a  peculiar  kind  of  febrile  action  ;  and  the 
case  is  therefore  justly  held  to  bear  as  much  analogy  to  the 
febrile  exanthematous  diseases,  to  be  afterwards  considered, 
as  to -the  inflammations. 

Accordingly,  althougli  the  danger  in  this  form  of  inflam- 
mation sometimes  depends  merely  on  the  extent  of  the 
local  changes,  and  is  to  be  obviated  by  moderating  or  re- 
pressing these,  yet  it  sometimes  depends  obviously  on  the 
tjrphoid  form,  and  especially  on  the  depressing  influence  of 
the  constitutional  fever,  and  cannot  be  inferred  from  obser- 
vation of  the  local  inflammation,  nor  be  averted  by  reme- 
dies applied  to  that  part  of  the  disease. 

So  decided  a  deviation  from  the  more  usual  form  of  in- 
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flammation  of  the  surface  of  the  body,  may  be  suspected  to 
depend  on  a  local  and  temporary  cause,  rather  than  on 
causes  of  general  operation ;  but  the  conditions  necessaiy 
to  the  existence  or  effect  of  this  cause  have  not  been  fully 
ascertained.  The  Erysipelas  has  been  observed  to  prevail 
most  in  confined  and  ill-aired  situations,  and  to  occur  most 
commonly  in  persons  in  whom  the  digestive  organs  are  dis- 
ordered, or  the  general  health  otherwise  impaired,  but  it 
certainly  cannot  be  referred  simply  to  any  of  these  circum- 
stances as  its  cause.  At  certain  times  and  places  it  pre- 
vails much  more  extensively  than  at  others;  and  at  these 
it  is  well  ascertained  that  it  is  sometimes  propagated  by 
contagion,  or  in  a  few  instances  by  inoculation. 

The  term  Phlegmonous  is  applied  chiefly  to  that  inflam- 
mation of  external  parts  which  ends  in  the  formation  of 
circumscribed  abscesses  formed  by  dense  lymph  ;  but  it 
may  be  applied  to  any  external  inflammation  which  does 
not  produce  vesication,  nor  spread  rapidly  along  the  surface. 

The  Erythematic  Inflammation  is  certainly  not  peculiar 
to  the  skin.  In  many  cases  it  is  seen  to  aflFect  the  mucous 
membrane  of  the  nose,  mouth,  fauces  and  larynx,  simulta- 
neously with  the  skin  of  the  face  and  neck,  and  to  preserve  its 
appropriate  characters  in  these  situations.  In  some  instan- 
ces it  affects  the  fibi'ous  membranes,  especially  the  peri- 
cranium. It  very  often  affects  the  cellular  texture,  imme- 
diately beneath  the  portions  of  skin  which  it  occupies,  and 
produces  effects  similar  to  what  it  does  on  the  surface, 
effusion  first  of  bloody  serum,  and  then  of  pus  which 
is  in  general  imperfectly,  or  not  at  all  bounded  by  effused 
lymph.  And  it  is  well  ascertained,  particularly  by  the  in- 
quiries of  the  late  Dr  Duncan,  that  this  diffuse  inflamma- 
tion of  the  cellular  membrane  not  only  extends  in  many 
cases  beneath  the  skin,  and  among  the  muscles,  to  a  dis- 
tance from  the  affected  parts  of  the  skin,  but  likewise  oc- 
curs independently  of  any  affection  of  the  skin, — that  it 
may  arise  from  many  causes,  but  especially  from  the  in- 
troduction of  a  poison  into  the  system, — that  it  sometimes 
prevails  almost  epidemically  along  with  the  Erysipelas ; — 
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and  that  it  is  attended,  like  it,  with  fever  of  extremely  va~ 
rious  intensity,  and  often  of  strictly  typlioid  character. 

Again,  there  is  good  evidence,  that  at  least  in  one  of  the 
internal  serous  membranes,  viz.  the  peritoneum,  inflamma- 
tion occasionally  presents  very  nearly  the  same  characters  as 
Erysipelas  on  the  skin,  tending  to  effusion  of  bloody  se- 
rum, of  a  whitish  milky  fluid,  or  of  more  perfect  pus,  with 
little  or  no  exudation  of  plastic  lymph ;  that  such  cases 
are  in  general  remarkably  rapid  in  their  progress,  and  that 
the  depression  of  the  circulation  attending  them  takes  place 
early,  and  is  hardly  to  be  counteracted  by  antiphlogistic 
remedies  *. 

When  Peritonitis  succeeding  parturition  prevails  epide- 
mically, and  evidently  spreads  by  contagion,  under  the 
name  of  Puerperal  Fever,  the  inflammation  is  in  like  man- 
ner attended,  in  most  cases,  with  little  exudation  of  plastic 
lymph ;  and  the  danger  of  the  disease,  in  the  worst  epide- 
mics of  that  kind,  is  so  little  dependent  on  the  extent  or 
intensity  of  the  inflammation,  that  the  most  rapidly  fatal 
cases  are  those  in  which  the  least  inflammatory  appear- 
ance is  found  on  dissection.  Such  epidemic  Peritonitis  has 
also  been  observed  to  be  connected  with  unusual  frequency 
of  Erysipelas. 

IV.  Besides  the  Erythematic,  there  are  various  other 
forms  of  inflammation  affecting  the  skin,  which  are  easily 
distinguished  from  the  inflammation  that  is  excitable  at 
pleasure  by  irritation,  from  the  erythematic  above  describ- 
ed, and  from  eacli  other. 

Although  the  different  orders  of  cutaneous  diseases 
which  are  distinguished  from  one  another  according  to  the 
nature  of  the  products,  which  appear  in  the  skin,  in  con- 
sequence of  an  inflammatory  action  there,  are  combined, 
or  hardly  to  be  distinguished,  in  many  individual  cases: 
yet  there  are  other  examples,  where  these  distinctions 
are  easily  observed,  throughout  the  whole  of  the  afi^ec- 
tions.    Even  setting  aside,  at  present,  the  contagious  Ex- 

•  See  Abeecrombie's  Pathological  Eeseaiches  on  Diseases  of  the 
Stomach,  Intestinal  Canal,  &c.  2d  edition,  p.  197. 
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antlicmata,  there  arc  many  cases,  e.  g.  of  pretty  intense 
inflammation  of  the  skin,  which  lead  to  no  effusion  what- 
ever, and  are  merely  followed  by  desquamation  (Exanthe- 
mata of  Wili.an),  yet  are  easily  distinguished  from  the 
simple  Erythema.  There  are  many  distinct  examples  of 
inflammation  leading  merely  to  eff^usion  of  serum  between 
the  cutis  vera  and  cuticle  {vesicles  when  they  are  small, 
bullcB  when  large), — of  inflammation  leading  to  purulent 
effusion  there  [pustules), — of  inflammation  leading  to  little 
elevations  of  the  cuticle,  without  fluid  (papulce), — or  to 
-larger  elevations,  with  partial  suppuration  only  (tubercles), 
— and  of  inflammation  leading  to  the  formation  of  dry 
scales  only  [squamce).  All  these  run  a  peculiar  course, 
with  various  rapidity,  undergoing  various  changes,  and  of- 
ten admitting  of  very  little  abbreviation  by  art.  In  many 
of  them  the  sensations  are  also  peculiar,  smarting  heat  or 
itching,  rather  than  pain ;  and  they  may  all  be  called  Spe- 
cific Inflammations. 

Again,  when  inflammation  is  seated  chiefly  in  the  sub- 
cutaneous cellular  membrane,  it  often  shows  those  pecu- 
liarities to  which  the  term  Carbuncle,  instead  of  simple 
Phlegmon,  has  been  applied;  in  which  the  effusion  of  pus 
takes  place  into  many  small  cavities  lined  by  lymph,  in- 
stead of  one  larger  cavity, — there  is  afterwards  sloughing 
of  much  of  the  affected  part  of  the  membrane, — the  pro- 
gress of  the  changes  is  slow,  and  the  constitutional  symp- 
toms often  typhoid. 

There  is  no  reason  to  think  that  inflammations  of  inter- 
nal parts  take  place  in  equally  numerons  and  definite  va- 
rieties ;  but  the  Aphthae,  or  whitish  crusts  often  occurring  in 
children  idiopathically,  and  in  adults  in  the  course  of  dif- 
ferent weakening  diseases,  on  the  mucous  membrane  of  the 
mouth  and  fauces,  are  an  example,  similar  to  most  of  the 
cutaneous  diseases,  of  slight  inflammation  followed  by  pe- 
culiar and  long-continued  effects ;  and  there  is  one  form  of 
inflammation  of  the  mucous  membrane  of  the  fauces,  almost 
equally  well  defined  as  any  of  the  cutaneous  affections  above 
mentioned,  and  sometimes  prevailing  almost  epidemically, 
—that  to  which  the  term  «  Diphtherite"  has  been  applied 
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by  Bretonmeau  and  others,  of  which  the  chief  characters 
are,  the  rapid  formation  of  flocculent  aphthous  crusts,  of- 
ten extending  into  the  larynx,  and  sometimes  down  the 
oesophagus,  with  little  intensity  of  previous  inflammation, 
and  with  fever,  slight  in  the  commencement,  and  afterwards 
generally  typhoid. 

Whether  there  is  any  thing  equally  peculiar  or  specific, 
in  the  exudation,  and  subsequent  ulceration,  on  the  mucous 
membrane  of  the  intestines,  which  often  takes  place  in  the 
course  of  continued  fever  (and  has  been  called  Dothin  en- 
terite),  or  in  that  which  characterizes  Dysentery,  is  not  so 
clearly  ascertained. 

V.  There  are  three  distinct  varieties  of  Inflammation, 
strictly  called  Specific,  each  of  which  affects  a  variety  of 
textures, — the  Rheumatic,  the  Gouty,  and  the  Syphilitic. 

The  distinctive  characters  of  the  Rheumatic  Inflamma- 
tion may  be  stated  to  be,  1.  That  it  affects  different  parts, 
and,  in  general,  even  different  textures,  within  a  short  time, 
viz.  certain  fibrous  membranes,  probably  muscular  fibres, 
synovial  membranes,  often  portions  of  the  bones,  and 
sometimes  certain  internal  membranes,  especially  the  peri- 
cardium, and  membrane  lining  the  interior  of  the  heart. 
2.  That  it  shifts  from  one  to  another  of  these  more  rapidly, 
and  more  frequently,  than  any  other  inflammation  does, 
insomuch  that  its  rapid  recession  at  one  part  of  the  body  is 
rather  a  reason  for  expecting  its  appearance  in  another, 
than  any  security  against  its  farther  progress.  3.  That, 
when  existing  alone,  it  never  leads  to  suppuration  nor  ul- 
ceration, but  to  serous  effusion  into  the  articular  cavities, 
to  thickening  and  induration  of  fibrous  membranes,  and 
remarkably  to  effusion  of  solid  lymph  on  the  surface  of  the 
pericardium,  or  on  the  internal  membrane  of  the  heai't, 
when  these  are  affected.  From  these  peculiarities,  it  may 
be  suspected  that  there  is  something  peculiar  in  the  state 
of  the  blood  in  Rheumatic  Inflammation ;  and  it  has  been 
generally  observed,  that  the  fibrin  of  the  blood,  in  violent 
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cases  of  Acute  Rheumatism,  is  very  abundant,  and  its  se- 
paration from  the  colouring  matter  very  complete. 

The  Gouty  Inflammation,  which  affects  the  same  textures 
as  the  Articular  Rheumatism,  differs  from  it  chiefly,  1.  In 
affecting  a  much  smaller  number  of  joints  in  one  pai'oxysm, 
and  these  generally  the  smaller  joints  of  the  extremities. 
2.  In  being  very  generally  preceded  by  disorders  of  the 
stomach,  and  when  it  recedes  suddenly,  being  as  generally 
followed  by  violent  affection  of  the  stomach,  sometimes  in- 
flammatory, often  apparently  neuralgic.  3.  In  being  one 
of  the  diseases  to  which  a  portion  of  mankind  only  is  in 
any  circumstances  liable,  and  in  its  occurrence  being  very 
often  traced  to  hereditary  predisposition,  and  very  much 
dependent  on  a  state  of  plethora,  and  especially  on  the  use 
of  fermented  liquors.  4.  When  it  lasts  long,  in  leading  to 
the  effusion  of  the  peculiar  matter  called  Chalkstones,  which 
consists  chiefly  of  uric  acid.  ; 

From  this  last  fact,  and  from  the  frequent  connexion  of 
gout  with  gravelly  deposits  in  the  urine,  it  is  pretty  ob- 
vious that  one  condition  necessary  to  the  establishment  of 
this  kind  of  inflammation  is,  a  morbid  matter  circulating 
in  the  blood ;  but  the  origin  of  this  matter  is  much  more 
doubtful. 

All  that  need  be  stated  here  as  to  the  Syphilitic  Inflam- 
mation, a  variety  undoubtedly  depending  on  a  peculiar  mor- 
bid matter  applied  to  the  surface,  and  then  circulating  in 
the  blood,  is  what  follows. 

1.  It  affects  peculiarly  the  skin  of  the  genital  organs,  the 
lymphatic  glands  in  their  neighbourhood,  the  mucous  mem- 
brane of  the  fauces,  the  skin  generally,  the  iris  of  the  eye, 
and  the  periosteum  and  bones,  at  the  parts  where  these  are 
densest. 

2.  It  is  every  where  of  a  chronic  character,  and  tends  to 
peculiar  consequences — in  the  lymphatic  glands,  to  sup- 
puration and  then  ulceration ;  in  the  skin,  to  various,  but 
perhaps  most  frequently  to  scaly  exudations,  and  often 
subsequently  to  ulceration ;  in  the  iris,  to  simple  effusion 
of  lymph ;  in  the  skin  of  the  genitals  and  of  the  fauces, 
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very  certainly  to  ulceration  (which  ulceration,  in  the  best 
marked  and  most  severe  cases,  is  characterized  by  the  deep 
excavation  and  hardened  base) ;  in  the  bones,  to  irregular 
deposition,  and  concomitant  absorption,  constituting  Caries. 

It  may  be  added,  that  the  Syphilitic  Inflammation  and 
Ulceration  are  peculiarly  under  the  influence,  in  most  cases, 
of  Mercury  acting  specifically  upon  them;  but  it  certainly 
cannot  be  maintained,  as  was  formerly  done,  that  any  form 
of  syphilitic  ulceration  is  absolutely  devoid  of  the  disposi- 
tion to  heal,  where  mercury  is  not  used. 

It  is  very  important  to  bear  in  mind,  that  syphilitic  in- 
flammation is  often  combined  with,  or  passes  into  the  form 
of,  simple  acute  inflammation  of  the  same  parts,  and  often 
also,  it  appears  to  be  combined  with  scrofulous  inflamma- 
tion. Independently  of  such  combinations,  there  are  many 
varieties  in  the  appearance  and  progress  of  the  affections 
resulting  from  impure  sexual  intercourse,  such  as  those 
designated  by  the  names  pseudo-syphilis,  syphiloid  dis- 
ease, phagedenic,  pustular,  vesicular,  or  tubercular  venereal 
disease ;  but  whether  these  varieties  are  to  be  ascribed  to 
different  specific  poisons  acting  on  the  body,  or  to  peculi- 
arities of  constitution,  is  still  doubtful. 

The  poison  of  Gonorrhoea  acts  as  a  cause  of  specific  in- 
flammation in  the  mucous  membrane  of  the  urethra  and 
tunica  conjunctiva  of  the  eye,  which  is  characterized  by 
rapid  extension  along  the  membrane,  by  copious  effusion, 
which  soon  becomes  puriforra  and  capable  of  propagating 
the  disease,  and  by  great  thickening  of  the  membrane,  but, 
on  the  former  part  at  least,  by  total  absence  of  tendency  to 
ulceration. 

The  action  of  Mercury  on  the  body  is  a  specific  cause 
of  inflammation  in  the  salivary  glands, — of  inflammation, 
aphthous  exudation,  .ind  superficial  ulceration  in  the  mucous 
membrane  of  the  mouth  and  fauces, — and  in  certain  persons, 
of  a  peculiar  vesicular  eruption  on  the  skin.  It  seems  also 
to  be  a  frequent  cause  of  aggravation  of  inflammation, 
whether  8imj)le,  scrofulous,  or  in  some  instances  even 
syi)hi]itic,  in  various  parts  of  the  body;,  but  it  can  hardly 
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be  said  to  act  per  se  as  a  sufficient  cause  of  inflammation 
in  other  situations  than  those  mentioned. 

VI.  The  form  of  Inflammation  which  is  termed  Scro- 
ful  ous  demands  a  somewhat  move  detailed  notice. 

"  The  term  Scrofula  is  used  by  medical  writers  in  two 
senses ;  ^rst,  to  express  the  existence  of  a  disease  which 
possesses  certain  distinctive  characters  in  whatever  part  it 
may  be  seated,  secondly,  to  indicate  a  disposition,  diathesis, 
or  state,  which  predisposes  some  part  of  the  body  or  other 
to  become  aff"ected  with  such  disease  *." 

Scrofulous  disease  is  most  generally  and  distinctly  charac- 
terized, either  by  a  peculiar  variety  or  modification  of  in- 
flammation,, and  of  suppuration  and  ulceration  consequent 
thereon,  easily  enough  recognised  when  the  affection  is 
seated  externally ;  or  else,  by  the  formation  and  subsequent 
changes  of  those  tumours,  or  adventitious  textures,  in  vari- 
ous parts  of  the  body,  which  are  called  Scrofulous  Tuber- 
cles. The  connexion  which  exists  between  the  scrofulous 
inflammation  and  the  deposition  and  growth  of  these  tuber- 
cles, will  be  considered  presently. 

There  are  some  kinds  of  disorganization  or  organic  dis- 
ease, distinct  from  eitber  of  the  kinds  of  diseased  action 
also  mentioned,  to  which  the  term  Scrofulous  is  likewise 
Gommonly  and  correctly  applied,  but  which  generally  co- 
exist with  indications  either  of  the  scrofulous  inflamma- 
tion, or  of  the  scrofulous  tubercles. 

The  term  Scrofulous  Diathesis  is  applied  to  that  pecu- 
liarity of  general  habit,  which  appears  to  furnish  the  great 
predisposition  to  these  kinds  of  diseased  action,  it  being 
well  ascertained  that  it  is  only  a  portion  of  mankind  that 
under  ordinary  circumstances  of  exposure  to  the  causes  of 
disease  become  affected  in  this  way. 

The  marks  by  which  we  distinguish  the  form  of  Inflam- 
mation denominated  Scrofulous,  are  less  peculiar  and  cha- 
racteristic, than  those  which  distinguish  the  erythematic,  or 
other  specific  inflammations  ,•  but  where  the  whole  course 
"  Thomson  on  Inflammation. 
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ef  the  affection  is  observed,  the  distinction  from  simple 
or  healthy  inflammation  becomes  obvious.  The  common 
affection  of  external  lymphatic  glands  is  perhaps  the  best 
example.  The  pain  and  heat  are  not  great,  the  colour  is 
often  nearly  unchanged  for  a  long  time,  and  then  is  some- 
what livid  or  bluish,  the  progress  is  remarkably  slow,  and  is 
little  influenced  by  remedies.  But  besides  these,  which  may 
be  said  to  denote  only  chronic  inflammation,  there  is  a  more 
decided  peculiarity  in  the  suppuration,  which  .generally  fol- 
lows such  inflammation,  lasting  longer  than  in  ordinaiy 
cases,  in  the  discharge  being  more  serous,  but  usually  mix- 
ed with  fragments  of  curdy  matter, — in  ulceration  very 
generally  succeeding,  and  in  the  ulcers  being  indolent, 
shewing  little  disposition  to  heal,  and  often  degenerating 
into  fistulae. 

The  following  may  be  stated  as  the  distinctive  charac- 
ters, (known  from  the  examination  of  many  different  bodies, 
in  which  they  exist  in  different  stages  of  progress),  of  Scro- 
fulous Tubercles  ;  which,  however,  admit  of  cousiderable 
variety,  both  as  to  the  mode  of  their  deposition,  and  the 
changes  they  afterwards  undergo.  •  ■ 

They  are  at  first  very  minute,  soft,  or  of  nearly  gelati- 
nous consistence,  of  a  greyish  colour,  and  of  a  somewhat 
opaline  lustre,  have  more  or  less  of  the  rounded  form,  and 
are  ver^  often  set  together  in  clusters  on  the  membranes?,  or 
in  the  textures,  where  they  are  formed,  (Tubercules  mi- 
liaires.) 

They  afterwards  enlarge  considerably,  several  of  them 
generally  coalesce  into  one  irregular  mass,  and  they  be- 
come opaque,  yellowish,  and  of  the  consistence  of  soft 
cheese  (tubercules  crus).  These  tubercular  masses  then 
frequently  soften,  first  in  their  centres,  and  degenerate  into 
a  purulent  fluid,  having  more  or  less  the  character  of  scro- 
fulous pus  above  described,  some  fragments  of  the  solid 
tubercular  matter  floating  in  the  fluid  without  becoming 
themselves  liquid.  But  although  many  tubercular  masses 
are  thus  converted  into  ulcers,  there  are  others  which  gra- 
dually harden  into  cartilaginous,  and  then  into  earthy  con- 
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cretions,  and  remain  in  an  inert  state  for  a  very  long  time. 
The  ulcers  shew  very  little  disposition  to  heal,  but  when 
they  are  not  very  numerous  the  discharge  from  them  gra- 
dually abates,  and  they  may  become  small  fistulous  cavities 
free  from  all  diseased  action.  >.<'>- 
Appearances  of  simple  inflammation  are  very  often  found 
around  these  tubercles,  many  of  which  may  be  judged  from 
various  circumstances  to  be  posterior  to  them  in  date,  and 
may  be  ascribed  in  part  to  the  irritation  resulting  from  them. 

Although  they  undergo  vai'ious  changes  in  the  interior 
of  their  substance,  at  various  periods  after  their  deposition 
commences,  it  does  not  appear  from  injections,  that  tu- 
bercles are  themselves  provided  with  vessels,  and  hence 
they  have  been  called  morbid  secretions,  perhaps  more  pro- 
perly than  adventitious  textures.  When  the  tubercular  de- 
position is  far  advanced,  the  vessels  of  the  parts  atfected 
are  much  obstructed,  by  the  disease  extending  to  their  coats, 
the  quantity  of  the  blood  sent  through  these  parts  is  much 
diminished,  and  the  whole  circulation  in  the  neighbourhood 
much  altered  *. 

These  appearances  are  found  in  very  different  parts  of 
the  body, — according  to  the  observations  of  Laennec  nearly 
in  the  following  order  of  frequency.  The  lungs,  the 
lymphatic  glands,  the  liver,  the  jirostate  glandj  the  mu- 
cous membrane  of  the  bowels,  the  pleura  and  peritoneum, 
the  testis  and  its  appendages,  the  spleen,  the  heart,  the 
uterus,  the  brain  and  cerebellum,  the  bones,  and  lastly, 
adventitious  or  morbid  textures,  with  the  peculiar  matter 
of  which  they  are  not  unfrequently  mixed.  Of  these  parts, 
the  lymphatic  glands  and  the  highest  portions  of  the  lungs 
are  those  in  which  tubercles  most  frequently  originate; 
and  it  is  important  to  observe,  that  these  are  parts  in  which 
the  capillary  circulation  must  necessarily  be  very  slow. 

When  tubercles  exist  in  any  part  in  considerable  num- 
bers, they  are  very  generally  attended  by  much  debility 
and  emaciation,  and,  in  young  persons  especially,  by  fre- 
quency of  pulse ;  but  the  other  symptoms  connected  with 
•  See  Schhsder  Van  der  Kolk,  Observationes,  &c.  p.  75  &  83. 
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tliem  must  be  expected  to  vary  extremely,  according  to  the 
organs  in  which  they  are  formed,  or  the  functions  of  which 
they  impede,  —  according  to  the  presence  or  absence  of 
concomitant  inflammation,  and  according  to  the  changes 
which  they  themselves  undergo.  When  they  exist  in  those 
parts  in  which  they  generally  suppurate,  as  in  the  lungs,  and 
in  the  intestines  and  mesenteric  glands,  they  are  generally 
attended  with  hectic  fever  ;  but  this  is  by  no  means  a  ge- 
neral fact.  Deposits  very  similar  to  incipient  tubercles, 
taking  place  in  the  heart,  liver,  or  kidneys,  are  often  fatal^ 
without  attaining  any  great  size,  or  shewing  any  tendency 
to  suppurate,  and  without  producing  any  symptoms  but 
what  may  be  distinctly  traced  to  obstruction  of  the  func- 
tions of  these  parts. 

The  following  affections,  often  seen  in  connection  with 
scrofulous  inflammation,  or  with  tubercles,  may  be  stated 
as  perhaps  equally  characteristic  of  the  scrofulous  habit. 

1.  The  slow  phagaedenic  ulceration  of  the  nares  called  Lu- 
pus. 

2.  The  conversion  of  the  synovial  membrane  of  joints 
into  a  brownish  pulpy  matter,  seen  in  the  most  distinct  cases 
of  White  Swelling  *. 

3.  Ulceration  of  the  cartilages  of  the  joints  without  dis- 
tinct pre\'ious  inflammation  of  the  synovial  membrane  -t". 

4.  The  formation  of  those  tumoui's  which  have  the  name 
of  Encephaloid  substance,  or  Fungus  Haematodes,  which 
may  exist  in  various  parts  of  the  body,  and  which  are  of 
softer  consistence,  are  found  in  larger  masses,  and  grow 
much  more  rapidly,  than  the  scrofulous  tubercles. 

In  applying  the  general  term  Scrofulous  to  the  different 
affections  now  noticed,  we  do  not,  of  course,  mean  to  as- 
sert, that  they  are  essentially  of  the  same  nature,  although 
a  general  resemblance  may  be  traced  among  them.  But 
we  are  induced  to  give  this  general  name  to  all  these  af- 
fections, in  consequence  of  our  knowing  by  ample  experi- 
ence, 1.  That  they  all  occur  very  frequently  in  persons  in 

•  >See  Brodie  on  Diseases  of  the  Joints.  f  Id. 
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whom  certain  peculiarities  of  constitution,  independent  of 
actual  disease,  may  be  observed.  2.  That  two  or  more  of 
them  very  often  succeed  one  another  in  the  same  indivi- 
dual. 3.  That  they  all  occur  remarkably  in  different  indivi- 
duals of  the  same  families,  while  other  families  are  exempt. 
4.  That  they  are  all  induced  or  aggravated,  and  again  may 
be  confidently  believed  to  be  averted  or  mitigated,  by  the 
same  or  similar  causes. 

No  word  would  convey  the  same  important  meaning, 
which  this  term  Scrofula  does,  which  should  be  confined  to 
affections  precisely  of  the  same  kind ;  because  what  we 
wish  to  do,  in  using  the  term,  is  to  mark  the  connexion 
that  subsists  between  different  diseased  actions,  which  ap- 
pear, from  their  history,  to  depend  on  the  same  peculiarity 
of  constitution,  and  therefore  ultimately  on  the  same  gene- 
ral causes,  and  which  may  often  be  prevented  or  alle^'iated 
by  the  same  general  measures. 

Neither  is  it  meant,  in  referring  these  different  aiBFections 
to  the  Scrofulous  habit  or  Diathesis,  as  their  great  predispos- 
ing cause, — to  assert  either  that  every  inflammation  in  such 
a  habit  must  be  of  the  scrofulous  character,  or  that  none 
but  persons  previously  of  that  habit,  are  susceptible  of 
scrofulous  disease.  We  know  that  healthy  inflammation, 
shewing  no  unusual  or  specific  character,  may  exist  in  a 
person  already  suffering  under  scrofulous  disease ;  as  we 
see  in  the  healing  of  many  wounds  in  such  persons,  and  in 
many  cases  of  occasional  or  mtercurrent  inflammation,  oc- 
curring in  the  'course  of  tubercular  diseases.  And  we 
know,  that  in  certain  circumstances  (e.  g.  under  the  influ- 
ence of  long-continued  cold,  and  deficient  nourishment, 
coupled  with  long-continued  local  irritation)  scrofulous 
disease  may  be  excited  in  constitutions  previously  quite 
healthy  and  robust. 

Nevertheless,  it  is  important  both  to  mai'k  the  indica- 
tions, and  to  generalize,  as  far  as  possible,  what  experience 
has  established  as  to  the  cause,  of  that  habit  of  body,  in 
which  the  different  scrofulous  affections  are  most  apt  to  oc- 
cur, and  most  to  be  dreaded. 
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The  chief  mark  of  the  scrofulous  habit,  in  persons  not 
yet  affected  with  any  disease,  is  a  certain  soft,  flaccid  ha- 
bit of  body,  and  especially  a  remarkable  softness  of  skin,  ob- 
served in  persons  in  whom  such  a  texture  of  the  skin  is 
not  to  be  expected.  The  complexion  is  usually  pale,  with 
frequently  a  clear  circumscribed  redness  in  the  cheek ;  and 
this  colour  is  easily  changed  to  purple  or  livid  by  cold. 
The  eye  has  often  a  peculiar  pearly  lustre.  The  senses  are 
usually  acute,  and  the  mental  powers  of  observation  and 
apprehension  peculiarly  active,  so  that  children  of  this  ha- 
bit  shew,  in  general,  a  precocity  of  intellect.  The  scro- 
fulous tendency  is  perhaps  more  frequently  and  decidedly 
seen  iu  those  who  have  fair  or  red  hair,  and  blue  eyes,  than 
in  others;  but  is  common  in  dark-complexioned  persons 
also. 

In  many  cases  it  is  more  decidedly  shown  by  slight  dis- 
eases, or  the  effects  of  injuries,  before  ,any  serious  dis- 
ease is  contracted; — by  the  enlarged  glands  in  the  neck 
and  groins,  the  tumid  upper  lip,  the  chronic  inflammation 
of  the  alee  nasi  and  membrane  of  the  nostrils, — the  chronic 
ophthalmia  tarsi,  or  the  strumous  inflammation  of  the  tu- 
nica conjunctiva  of  the  eye,  lasting  long,  with  little  heat  or 
redness,  but  much  impatience  of  light,  and  a  peculiar  ten- 
dency to  the  formation  of  small  pustules ;  and  also  remark- 
ably by  the  slow  healing  of  slight  wounds,  the  somewhat 
livid  and  chronic  inflammation,  and  often  the  unhealthy 
suppuration,  that  succeed  them.  Those  children  that  have 
the  softness  and  consequent  distortion  of  the  bones,  en- 
larged joints,  and  other  marks  of  Rickets,  are  also  very 
frequently,  if  not  necessarily,  prone  to  scrofulous  disease. 

The  following  are  the  principal  facts  that  have  been  as- 
certained, as  to  the  causes  by  which  the  Scrofulous  Diathe- 
sis, or  liability  to  scrofulous  disease,  is  produced. 

They  may  all  be  ranked  together  as  causes  of  debility, 
acting  permanently,  or  habitually  for  a  length  of  time,  al- 
though not  so  powerfully  as  to  produce  sudden  or  violent 
effects. 

1.  The  tendency  is  decidedly i hereditary, — i.  e.  those  whose 
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progenitors  have  shown  marks  of  scrofulous  disease,  be- 
come affected  in  this  way  in  much  larger  proportion  than 
others  ;  although  it  is  very  seldom  that  tubercles,  or  other 
scrofulous  affections  are  congenital.  Feebleness  of  habit  in 
parents,  even  independently  of  actual  scrofulous  disease  in 
them,  appears  evidently  to  dispose  to  scrofula  in  their  ofl"- 
spring. 

2.  Although  not  so  exclusively  confined  to  one  period  of 
life,  as  has  been  stated  by  some,  scrofulous  diseases  are 
much  more  frequent  in  childhood  and  youth,  i.  e.  between 
the  ages  of  two  or  three,  and  thirty  or  thirty-five,  than  at 
any  subsequent  period. 

3.  Although  a  diet  almost  entirely  vegetable  is  often 
found  sufiicient,  when  other  circumstances  arc  fa^'ourable, 
for  the  formation  of  a  vigorous  habit  of  body,  yet  it  may  be 
confidently  stated,  that  a  low  diet  habitually  taken  during 
youth  and  in  health,  disposes  to  scrofulous  disease  more 
than  a  fuller  diet  does. 

4.  The  scrofulous  diathesis  is  remarkably  increased  by 
the  influence  of  cold  and  luet,  acting  for  a  length  of  time  in 
the  living  body ;  as  is  shown  by  the  much  greater  prcA^a- 
lence  of  such  diseases  in  the  temperate  or  cold  climates, 
than  in  those  where  any  applications  of  cold  are  compara- 
tively transient, — and  also,  by  the  greater  frequency  of 
such  affections  in  winter,  and  especially  in  spring,  than  in 
summer  and  autumn,  in  this  climate. 

It  is,  however,  a  mistake  to  suppose,  that  the  tendency 
to  scrofulous  disease  cannot  be  formed  in  hot  climates.  The 
long-continued  application  of  heat,  in  early  life,  is  weak- 
ening, and  therefore  favourable  to  the  formation  of  the 
scrofulous  habit ;  and  it  is  found  by  experience,  that  the 
natives  of  those  climates,  both  white  and  black,  are  peculi- 
arly liable  to  scrofulous  diseases  when  they  come  to  the 
colder  climates ;  from  which  it  obviously  follows,  that  the 
rarity  of  scrofulous  disease  in  the  warmer  regions  of  the 
globe,  is  the  effect  of  exemption  from  its  great  external 
cause, — from  cold  of  sufficient  intensity,  and  more  espe- 
cially of  sufficient  endurance; — but  tliat  it  is  not  the  cflfect 
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of  absence  of  the  internal  predisposition  to  such  disease,  in 
the  inhabitants  of  those  regions. 

Hence,  although  it  is  often  of  real  importance  to  remove 
young  persons,  evidently  of  scrofulous  habit,  from  a  colder 
to  a  warmer  climate,  at  the  period  of  life  when  scrofulous 
disease  is  most  apt  to  occui',  in  order  that  the  excitation  of 
the  disease  at  that  period  may  be  avoided ;  yet  it  is  a  mis- 
take to  suppose,  that  this  measure  furnishes  any  security 
against  scrofulous  disease  in  future,  if  they  shall  return  to 
their  native  climate,  and  be  there  fully  exposed  to  the 
causes  of  such  disease. 

Children  bi'ought  up  in  the  colder  climates,  if  of  healthy 
constitution,  well  fed,  and  duly  protected  from  the  exces- 
sive or  long-continued  application  of  cold,  acquire  a  decid- 
edly stronger  habit  of  body,  from  the  habitual  stimulating 
effect  of  alternations  of  temperature  formerly  considered, 
than  those  who  are  never  exposed  to  such  alternations ;  and 
therefore  resist  scrofulous  disease  (e.  g.  Phthisis)  when  the 
latter  would  fall  into  it ;  and  the  natives  of  the  colder  cli- 
mates, therefore,  while  they  ai'e  more  frequently  exposed 
to  the  external  cause  of  scrofula,  have  also  at  their  com- 
mand more  effectual  means,  if  duly  and  cautiously  em- 
ployed, for  fortifying  the  constitution  against  it. 

Perhaps  it  may  also  be  stated,  that  the  exemption  of  the 
inhabitants  of  hot  climates,  is  rather  from  the  scrofulous 
diseases  of  particular  organs  (especially  the  external  parts 
and  the  lungs)  than  from  scrofulous  disease  in  general ;  for 
the  chronic  diseases  of  the  Liver  and  Bowels,  so  common 
in  hot  climates,  approach  very  nearly,  in  their  first  origin, 
to  the  distinctly  scrofulous  affections. 

5.  The  formation  of  the  scrofulous  habit  is  probably  more 
influenced  by  mode  of  life,  especially  in  early  youth,  than 
either  by  hereditary  taint,  or  by  climate. 

It  is  hardly  possible  to  observe  separately  the  effect  on 
the  animal  economy,  of  deficiency  of  exercise  and  defi- 
ciency of  fresh  air,  these  two  causes  being  very  generally 
applied  together,  and  often  in  connexion  with  imperfect 
nourishment.    But  it  is  perfectly  ascertained,  on  an  cxten- 
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sive  scale,  in  regard  to  the  inhabitants  of  large  and  crowd- 
ed cities,  as  compared  with  the  rural  population  of  the 
same  cWmate,  Jirst,  that  their  mortality  is  very  much  greater, 
especially  in  early  life,  and  the  pi-obability  of  life  very 
much  less  (the  diiference  being,  in  some  cases,  as  45  or  50 
to  5,  or  even  to  3) ;  and  secondly,  That  of  this  great  early 
mortality  in  large  towns,  a  very  large  proportion,  general- 
ly a  majority  of  the  whole  *,  is  caused  by  scrofulous  dis- 
ease. And  from  these  %wo  facts,  it  evidently  follows, 
that  deficiency  of  fresh  air  and  of  exercise,  are  among  the 
most  powerful,  and  the  most  important,  because  often  the 
most  remediable,  of  the  causes  from  which  the  scrofulous 
diathesis  arises. 

6.  It  has  also  been  frequently  observed,  although  the  ob- 
servations have  not  been  on  so  large  a  scale,  and  therefore 
the  conclusion  is  not  so  completely  established,  that  the  in- 
habitants of  low  moist  situations  are  more  liable,  cceteris  pa- 
ribus, to  scrofulous  disease,  than  the  inhabitants  of  higher 
and  more  airy  districts. 

7.  The  tendency  to  scrofulous  disease  is  remarkably  in- 
creased by  habitual  mental  languor  and  depression,  as  it  is 
counteracted  by  mental  excitement  and  habitual  pleasing 
emotions  \. 

8.  This  tendenc}'^  is  increased  by  the  debility  succeeding 
great  evacuations,  and  especially  by  that  which  succeeds 
acute  diseases,  as  fevers,  or  the  exanthemata,  or  the  febrile 
state  excited  by  mercury. 

9.  It  is  increased  by  any  such  causes  as  habitually  im- 
pair the  digestion,  and  counteracted  by  such  means  as  are 
eflfectual  in  restoring  the  more  natural  state  of  the  digestive 
organs,  and  thereby  the  general  strength. 

The  effect  of  all  the  causes  now  enumerated  is,  to  give 
a  tendency  to  inflammation,  however  excited,  to  assume  the 
peculiar  chronic  form  above  described,  and  likewise  to  pre- 
dispose to  the  deposition,  in  various  parts  of  the  body,  of 

•  See  a  paper  on  Scrofulous  Diseases  by  the  author,  in  Edinburgh  Me- 
dico-Chirurgical  Transactions,  vol.  i. 

+  See  a  striking  example  in  the  inhabitants  of  a  nunnery,  living  under 
unusual  restraints,  stated  by  Laennec,  Ausc.  Mediat.  t.  i.  p.  647- 
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the  substances  described  as  Scrofulous  Tubercles,  and  which 
are  the  origin  and  foundation  of  the  most  formidable  scro- 
fulous diseases. 

Now,  it  is  obviously  of  the  utmost  importance,  to  ascer- 
tain wliether,  or  how  far,  the  deposition  of  tubercles  is  it- 
self an  effect  of  inflammatory  action  If  these  deposits  can 
be  assimilated  to  the  lymph  effused  by  inflammation,  their 
pathology  will  be  greatly  elucidated,  an^  the  means  of  re- 
straining their  formation  be  clearly  indicated.  And,  on  the 
other  hand,  in  so  far  as  we  can  ascertain  that  their  forma- 
tion differs  from  the  simple  effects  of  inflammation,  we 
must  regard  the  remedies  for  inflammation  as  inadequate 
or  improper  in  the  view  of  checking  that  formation. 

That  the  deposition  of  tubercles  may  be,  and  often  is,  the 
result  of  an  action,  to  which  it  would  be  absurd  to  give  any 
other  name  than  Inflammation,  appears  to  be  sufficiently 
demonstrated  by  the  following  facts. 

1.  Their  formation  may  be  determined  in  various  instan- 
ces by  the  application  of  the  same  causes  which  excite  in- 
flammation. This  is  most  unequivocally  shewn  by  experi- 
ments on  animals,  e.  g.  those  of  Flourens  on  ducklings  and 
chickens  *,  which,  by  being  kept  in  a  temperature  some- 
what less  cold  and  more  varied  than  that  which  excited 
acute  pneumonic  inflammation,  were  subjected  to  a  disease 
of  the  lungs,  having  the  essential  characters  of  scrofulous 
phthisis;  and  those  of  Moulin,  Saunders,  Cruveilhier, 
Kay,  and  others  f,  in  which  substances  not  to  be  distin- 
guished from  scrofulous  tubercles,  and  in  some  instances 
running  nearly  the  usual  course  of  these,  were  formed, 
in  consequence  of  particular  modes  of  mechanical  irrita- 
tion,a8  by  mercury  dropt  into  the  trachea,  and  acting  in 
small  quantities,  but  permanently,  on  the  minute  vessels  of 
the  lungs. 

When  we  compare  the  results  of  such  experiments  with 
the  well  ascertained  facts,  that  masons,  miners,  needle- 

"  Annales  des  Sciences  Naturelles,  1828. 

t  See  Cullen's  First  Lines,  with  Appendix  by  Gregory,  vol.  i. 
p.  690. 
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grinders,  and  other  artificers,  who  are  necessarily  iu  the 
habit  of  very  frequently  inhaling  irritating  particles,  are 
peculiarly  liable  to  scrofulous  phthisis,  we  cannot  doubt 
that  this  peculiarity  is  to  be  ascribed  to  the  habitual  me- 
chanical irritation ;  and  it  is  surely  reasonable  to  infer,  that 
what  is  so  easily  excited  by  mechanical  irritation  of  a  living 
part,  in  a  previously  healthy  animal,  must  be  a  product  of 
inflammation. 

Again,  thei'e  are  many  instances  of  strictly  scrofulous 
local  disease  excited  manifestly  by  more  serious  local  in- 
juries, and  in  which  it  appears  ultimately  that  the  deposi- 
tion of  tubercles  had  been  the  origin  of  the  mischief. 

2.  Cases  occasionally  occur,  where  although  the  deposi- 
tion of  tubercles  does  not  result  from  mechanical  injury, 
we  are  very  certain  that  the  symptoms  attending  their  first 
formation  are  observed, — especially  the  cases  where  this 
deposition  is  much  more  general  than  usual,  and  fatal  much 
more  quickly,  and  where  they  are  found  in  great  numbers, 
and  all  about  the  same  size,  implying  simultaneous  deposi- 
tion ;  and  in  such  cases,  the  remote  causes,  symptoms  and 
pi'ogress  of  the  disease  are  very  generally  found  to  be  just 
those  of  inflammation  of  the  same  parts,  of  somewhat 
slower  progiess  than  is  usual  *. 

3.  The  examination  of  the  morbid  parts  in  cases  where 
we  see  tubercles  in  their  early  stages,  often  shows  scrofu- 
lous tubercles  not  only  coexisting  with,  but  graduating  by 
insensible  degrees  into,  usual  and  acknowledged  effects  of 
inflammation, — such  as  flakes  of  lymph  on  membranes,  or 
granulations  formed  by  lymph  and  effused  into  cellular 
texture;  and  the  substance  which  has  the  form  of  incipient 
tubercles,  so  precisely  similar  to  that  which  is  thus  irregu- 
larly diffused,  that  we  cannot  ascribe  to  them  a  different 
mode  or  period  of  formation.  This  intimate  blending  of 
tubercular  deposits  with  inflammatory  eff"usion,  and  dis- 
tinct transition  by  insensible  degrees,  of  the  one  into  the 
other,  is  often  seen  on  the  serous  membranes  of  the  head, 

•  See  the  papers  in  Edinburgh  Medico-Chirurgical  Transactions  al- 
ready quoted,  vols.  i.  and  iii. 
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cliest,  or  abdomen,  on  the  mucous  membrane  of  the  bowels, 
and  in  the  interior  of  the  lungs  or  liver.  The  tubercular 
matter  in  the  lungs  is  often,  as  Laennec  states,  infiltrated 
into  the  cellular  texture,  and  when  so,  it  is  impossible  to 
draw  a  distinct  line  of  demarcation  between  it  and  the 
grey  hepatization  of  the  lungs. 

4.  Although  the  changes  which  tubercles  undergo  after 
they  have  been  deposited,  are  generally  much  slower  than, 
and  sometimes  materially  different  from,  those  which  take 
place  in  decidedly  inflammatory  effusions,  yet  in  many  cases 
they  resemble  those  changes  in  their  essential  characters ; 
and  in  the  case  of  children,  in  particular  (where  their  course 
is  always  more  rapid  than  in  adults),  they  are  sometimes 
hardly  to  be  distinguished  from  small  abscesses,  resulting 
from  the  usual  causes  of  inflammation,  gradually  enlarging, 
then  softening,  and  ultimately  discharging  purulent  matter. 

From  these  facts,  it  seems  quite  reasonable  to  infer,  that 
in  certain  constitutions,  tubercles  and  all  their  consequences 
are  direct  effects  of  inflammatory  action,  and  may  be  pre- 
vented if  that  action  be  arrested  or  subdued. 

But  on  the  other  hand,  it  is  plain,  that  there  must  be  an 
essential  peculiarity  in  the  nature  of  the  morbid  action  by 
which  tubercles  are  formed,  from  these  two  leading  facts 
in  their  history,  which  distinguish  them  from  the  ordinary 
effects  of  inflammation  ;  Ist^  That  they  are  originally  depo- 
sited in  very  minute  but  separate  globules ;  and,  2dlyi  That 
when  deposited,  instead  of  being  very  liable  to  absorption 
(as  the  lymph  effused  by  healthy  inflammation  is),  they  con- 
tinue to  grow,  when  there  is  no  indication  of  inflammation 
ai'ound  them,  and  even  when  the  whole  quantity  of  blood 
supplying  the  parts  where  they  exist  is  much  diminished. 
And  the  history  of  many  cases  informs  us,  that  when  the 
constitutional  peculiarity  leading  to  such  consequences  is 
very  strong,  little  or  no  inflammatory  action  is  necessary  to 
determine  the  deposition  of  tubercles;  but  that  they  will  be 
formed  wherever  there  is  any  congestion  of  blood,  and 
sometimes  where  there  is  no  vestige  of  previous  disturbance 
of  the  circulation. 
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This  tubercular  diathesis  may  be  reasonably  supposed  to 
depend,  in  part  at  least,  on  some  peculiarity  in  the  condi- 
tion of  the  blood ;  and  it  is  very  important  to  observe,  that 
it  appears  to  be  manifestfy  increased  by  tubercular  disease 
already  existing  in  any  part  of  the  body  ;  fresh  deposits  tak- 
ing place,  often  in  various  parts,  more  frequently,  and  with 
much  less  evidence  of  previous  disease,  in  cases  where  tu- 
bercles already  exist  in  numbers  in  one  organ  (e.  g.  in  the 
lungs),  than  in  any  other  cases. 

The  most  leading  fact  that  has  been  observed,  as  to  the 
essential  nature  of  tubercular  deposits,  and  their  difference 
from  the  diffused  organizable  Ij/mph  thrown  out  by  healthy 
inflammation,  is  that  stated  by  Gendrin  *,  but  requiring 
farther  confirmation,  that  when  examined  by  the  microscope 
in  their  earliest  stages,  and  in  their  distinct  form,  they  never 
shew  any  of  the  decolorized  globules  of  the  blood,  which 
can  be  detected  in  the  fibrinous  effusions  from  healthy  in- 
flammation. Hence  probably  it  is,  that  they  do  not  form 
layers  or  flakes,  as  the  latter  substance  does,  in  consequence 
of  the  peculiar  mode  of  aggregation  of  the  globules  into 
fibres ;  but  that  they  gather  into  little  spherical  masses,  un- 
der the  influence  of  gravitation,  as  any  other  viscid  fluid 
does,  when  slowly  poured  out  in  thin  films,  or  narrow  lines. 
Hence,  also,  in  all  probability,  their  incapacity  of  acquiring 
vascular  organization. 

All  that  is  known  of  the  conditions  under  which  scrofu- 
lous tubercles  usually  originate,  may  perhaps  be  comprised 
in  the  proposition.  That  when  the  blood  is  unusually  serous, 
and  its  motion  languid,  in  numerous  small  capillaries,  par- 
tial exudations  of  its  albuminous  portion  are  apt  to  take 
place,  and  cohere  together  into  minute  spherical  masses, 
which  are  destitute  of  the  power  of  acquiring  an  organized 
structure  themselves,  but  grow  by  attracting  to  themselves 
fresh  matter  from  the  vessels;  and  that  this  exudation,  al- 
though not  absolutely  dependent  on,  is  much  promoted  by, 
congestion  of  blood,  or  inflammation,  in  the  parts  where  it 
takes  place. 

•  Hist.  Anat.  des  Inflammations,  t.  ii.  p.  595. 
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CHAPTER  VII. 

OF  IDIOPATHIC  FEVER. 

The  combination  and  succession  of  symptoms,  which  we 
regard  as  characteristic  of  Fever,  or  febrile  action,  have  been 
already  described;  and  it  has  also  been  stated,  that  these  symp- 
toms, even  as  occurring  in  connexion  with,  and  apparently 
in  consequence  of,  inflammation,  are  liable  to  considerable 
A^ariety,  and  particularly  to  two  varieties,  already  desig- 
nated as  inflammatory  and  typhoid;  of  which  the  latter  has 
this  important  peculiarity,  that  it  may  very  generally  be 
ascribed  to  the  influence  of  some  other  cause  affecting  the 
constitution,  besides  the  inflammation  itself.  We  have  now 
to  treat  of  Fever  (almost  always  more  or  less  of  this  last 
character),  as  it  frequently  occurs,  either  without  marks  of 
local  inflammation,  or  with  so  slight  or  so  variable  marks 
of  that  kind,  that  we  judge  it  proper  to  consider  it  as  inde- 
pendent of  inflammation. 

It  is  true,  that  there  are  eminent  pathologists  who  doubt 
of  the  existence  of  such  Idiopathic  Fever ;  believing  all 
febrile  action  to  be  dependent  on  local  irritation  and  in- 
flammation ;  but  we  set  aside  that  doctrine  in  the  mean 
time,  simply  on  the  ground,  that  physicians  have  generally 
described  fevers,  of  the  kind  now  in  question,  as  distinguish- 
able by  their  symptoms  and  history,  independently  of  all 
theory,  from  any  of  the  certain  and  acknowledged  effects  of 
inflijmmation  ;  and  this  being  so,  it  is  right  to  treat  of  the 
diseased  states  thus  distinguished,  in  the  first  instance,  se- 
parately ;  and  afterwards  to  consider  the  Theory  which 
would  resolve  the  one  into  the  other.  And  althougli  the 
term  Idiopathic  Fever  may  appear  too  theoretical  to  be  used 
in  the  first  instance,  yet  it  is  hardly  possible  to  substitute 
another ;  and  if  it  be  understood  that  it  is  at  first  used  to 
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designate  peculiarities  of  symptoms,  independently  of  all 
theory,  it  can  hardly  tend  to  mislead. 

We  set  aside  also,  without  hesitation,  the  objection  that 
has  been  urged  against  the  doctrine  of  Idiopathic  Fever, 
that  the  term  expresses  only  an  abstraction,  and  therefore 
a  nonentity ;  because  what  we  mean  to  express  by  the  term 
JS  not  an  abstract  existence,  as  distinguished  from  individual 
facts,  but  a  general  change,  or  succession  of  changes,  com- 
mon to  all  the  organs,  and  to  almost  all  the  textures  of  the 
body,  as  distinguished  from  such  changes  as  are  partial,  i.  e. 
confined  to  particular  situations  in  the  body,— and  from  the 
direct  consequences  of  such  partial  changes. 


SECTION  1. 

OF  THE  DIAGNOSTIC  SYMPTOMS  AND  VARIETIES  OF 
IDIOPATHIC  FEVER. 

The  peculiarities  by  which  Idiopathic  Fevers,  according  to 
this  acceptation  of  the  term,  seem  to  be  best-distinguished, 
arc  the  following. 

I.  There  is  the  negative  fact,  that  in  many  of  the  cases, 
to  which  this  name  is  given,  the  general  febrile  symptoms, 
—the  chilliness  and  lassitude,  the  subsequent  reaction,  and 
often  long-continued  acceleration  of  pulse  and  heat  of  skin, 
the  thirst,  anorexia,  various  uneasy  sensations,  and  derange- 
ment of  all  the  functions  of  the  body  (whether  functions  of 
the  vascular  or  nervous  system), — are  often  unattended 
during  great  part  or  the  whole  of  their  progress,  by  any 
such  local  symptoms, — such  fixed  and  permanent  local  un- 
easy feeling, — or  such  peculiar  dei*angement  of  the  func- 
tions of  any  one  part  of  the  body,  as  justifies  the  belief  that 
any  individual  organ  is  inflamed.  And  if  these  observa- 
tions be  thought  ambiguous,  on  account  of  the  occasional 
occurrence  of  cases  of  latent  inflammation,  formerly  men- 
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tioned,  the  absence  of  local  inflammation,  in  many  such 
cases,  is  farther  attested  by  the  fact,  to  be  afterwards  stated, 
that  they  sometimes  terminate  fatally,  without  any  satisfac- 
tory evidence  appearing,  on  dissection,  of  inflammation  of 
any  part  of  the  body ;  and  very  generally  with  so  slight  ap- 
pearances of  that  Itind,  as  are  inadequate  to  the  explana- 
tion of  the  fatal  event. 

II.  Besides  this  negative  observation,  which  applies  only 
to  a  part  of  the  cases  thus  named,  there  is  th^  positive  ob- 
servation, applicable  probably  to  all  cases  of  idiopathic 
fever,  although  much  more  obvious  in  regard  to  some  than 
others,  that  the  typhoid  symptoms,  formerly  shortly  describ- 
ed, (and  which  may  always  be  held  to  imply  the  action  on 
the  system  of  some  cause  distinct  from  mere  local  inflam- 
mation) are  distinctly  to  be  perceived.  These  typhoid 
symptoms  shew  themselves  in  one  or  other,  but  generally 
in  several,  of  the  following  ways, 

1.  In  the  state  of  the  Circulation,  the  pulse  having  very 
generally,  from  the  commencement,  or  early  in  the  disease, 
less  strength,  or  resistance  to  compression,  than  in  the 
fever  which  usually  accompanies  simple  and  decided  inflam- 
mation, at  the  same  period  after  the  attack. 

2.  In  the  state  of  the  Secretions,  which  are  more  deranged, 
and  generally  more  diminished,  than  in  inflammatory  fever ; 
as  is  sufficiently  obvious  in  the  fur  on  the  tongue,  and 
the  secretions  of  the  mouth,  becoming  viscid,  dry,  and  dark- 
coloured ;  in  the  more  complete  failure  of  appetite;  and 
generally,  after  a  short  time,  in  the  greater  dryness  of  the 
surface  of  the  body,  attended  in  most  cases  by  a  more 
pungent,  though  less  enduring,  heat  of  the  surface. 

3.  In  the  state  of  the  Nervous  System,  the  greater  ten- 
dency to  stupor  or  confusion  of  thought,  generally  to  be 
detected  even  in  the  commencement,  and  very  obvious  in 
most  cases  throughout  most  of  the  disease,  often  showing 
itself  unequivocally  in  the  later  stages  by  the  involuntary 
voiding  of  the  excretions  which  are  naturally  under  the  re- 
straint of  the  will ;  the  greater  weakness,  vertigo,  and  faint- 
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ness  on  attempting  exertion,  in  the  early  part  of  the  dis- 
ease, attended  generally  with  much  tenderness  of  surface 
and  general  soreness;  the  frequent  tremors  and  subsultus 
tendinum,  even  when  no  exertion  is  made ;  the  greater  de- 
rangement of  the  external  senses,  particularly  of  that  of 
Hearing ;  the  greater  tendency  to  delirium,  as  the  disease 
advances,  and  the  usually  peculiar  character  of  that  deli- 
rium, which  extends  to  all  the  trains  of  thought  in  the 
mind,  is  unattended  with  propensity  to  violence,  and  is 
more  or  less  blended  with,  or  graduates  into,  stupor,  and 
hence  is  generally  designated  by  the  epithets  low,  muttering. 

4.  In  the  state  of  the  Blood,  which  is  probably  always  so 
far  altered  in  its  vital  properties,  in  idiopathic  fever,  as  to 
coagulate  less  firmly  than  usual,  and  in  some  cases  loses  the 
power  of  coagulation  altogether;  in  connexion  with  which 
state  we  frequently  observe  more  or  less  of  the  symptoms 
formerly  called  those  of  putrcscency  in  fever,  petechia;  or 
vibices,  passive  hsemorrliages,  and  gangrene  from  slight 
irritation. 

Tliese  symptoms,  and  especially  the  indications  of  ner- 
vous affection,  and  of  putrescent  tendency,  are  very  gene- 
rally sufficient  to  distinguish  idiopathic  from  any  form  of  in- 
flammatory fever  ;  but  in  many  cases,  there  is  a  farther 
positive  distinction  in  the  appearance  of  peculiar  or  specific 
inflammations  of  the  skin,  subsequent  to  the  attack  of  the 
fever,  which  take  different  forms, — essentially  character- 
ising the  fevers  that  are  designated  as  eruptive  or  exanthe- 
matous, — often  appearing  also  in  the  simple  continued 
fever, — but  never  forming  any  part  of  the  constitutional 
symptoms  that  result  from  local  inflammation  exclusively. 

III.  A  most  important  part  of  the  history  of  what  we  call 
idiopathic  fever,  distinguishing  it  from  the  acknowledged 
effects  of  inflammation,  is  its  much  greater  tendency  to  a 
spontaneous  favourable  termination.  This  is  shown  in  dif- 
ferent ways.  In  many  cases  the  febrile  symptoms  return 
at  regular  intervals,  of  24,  48,  or  72  hours ;  and  subside 
completely  after  a  cold  and  hot  fit  of  some  hours'  duration^ 
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by  a  spontaneous  sweating, — constituting  the  Intermitting 
form  of  fever.  In  others  there  are  equally  distinct,  but  less 
perfect  and  less  regular  remissions  of  the  symptoms,  and 
the  term  applied  is  Remittent  fever.  And  in  the  remaining, 
or  Conti7iued  form  of  Idiopathic  Fever,  although  we  can  ob- 
serve only  slight  and  partial  abatement  of  the  symptoms 
at  different  hours  of  the  day,  we  very  often  observe  com- 
plete recovery  from  the  most  urgent  and  distressing  symp- 
toms, taking  place  spontaneously  at  various  periods  of  the 
disease, — sometimes,  in  the  fever  of  this  country,  as  early 
as  the  7th  or  even  the  5th  day ;  sometimes  not  until  the  30th, 
or  even  40th  day,  most  generally  between  the  10th  and 
20tli  ;  sometimes  very  rapidly,  and  with  evacuation* 
(whether  at  regular  or  irregular  times)  evidently  resem- 
bling the  sweating  stage  of  intermittents;  sometimes  gradu- 
ally, and  without  any  such  critical  evacuations ;  but  under 
very  various  treatment, — often  without  the  use  of  reme- 
dies,— and  always  with  less  assistance  from  remedies,  and 
with  much  less  risk  of  subsequent  organic  disease,  than 
where  recovery  takes  place  from  an  equally  disordered  state 
of  the  system,  consequent  on  decided  internal  inflamma- 
tion. 

IV.  There  is  this  farther  leading  peculiarity  in  the  cases 
of  febrile  disease,  to  which  we  give  the  name  of  Idiopathic 
Fevers,  that  they  are  often  absent  for  a  length  of  time,  even 
from  lai-ge  communities,  and  again  at  other  times,  or  in 
other  districts,  are  extremely  prevalent;  and  therefore  evi- 
dently do  not  proceed  merely  from  causes  which  are  of  ge- 
neral operation,  as  the  exciting  causes  of  inflammation  are, 
but  must  necessarily  result  from  causes  of  more  local  and 
temporary  agency;  and  accordingly,  we  have  good  evidence, 
that  all  these  idiopathic  fevers  either  originate  from  a  Ma- 
laria, or  propagate  themselves  in  part  at  least,  and  in  cer- 
tain circumstances,  by  Contagion. 

By  attention  to  these  particulars  in  the  history  of  many 
febrile  disorders,  even  independently  of  attention  to  the  re- 
feults  of  practice,  wc  arc  authorised  to  conclude,  that  they 
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may  bo  distinguished  from  the  effects  of  simple  inflamma- 
tion, and  belong  to  the  class  which  we  call,  for  the  present, 
Idiopathic  Fevers ;  and  that  the  onus  prohandi  vests  with 
those  who  would  attempt  to  assimihite  them  to,  or  resolve 
them  into,  the  acknowledged  effects  of  inflammation. 

But  these  Idiopathic  Pcvers  are  liable  to  very  consider- 
able varieties ;  and,  setting  aside  for  the  present  the  Erup- 
tive Fevers,  we  may  enumerate  two  distinct  heads  of  these 
varieties;  in  tlie  first  of  which  the  distinctions  lie  in  the 
essential  symptoms  of  the  febrile  action  itself;  in  the  second, 
in  tlie  indications  of  local  and  general  inflammatory  disease, 
which  attend  it  frequently,  although  not  uniformly,  and 
therefore  not  necessarily. 

1.  1.  There  is  a  form  of  fever,  >of  rare  occurrence,  but  of 
great  pathological  importance,  which  has  been  lately  de- 
scribed under  the  title  of  Congestive;  and  although  that  term 
expresses  what  is  probably  a  concomitant,  rather  than  the 
cause  of  the  peculiarity  of  the  symptoms,  yet  it  is  perhaps 
better  to  endeavour  to  fix  its  meaning,  than  to  substitute 
another. 

In  this  variety  of  fever,  the  symptoms  of  the  earliest,  or 
cold  stage,  assume  their  highest  degree  of  intensity ;  and 
feebleness  of  pulse,  coldness  of  surface,  muscular  debility, 
and  depression  of  all  the  functions  of  the  nervous  system, 
approaching,  and  sometimes  amounting,  to  complete  coma, 
are  the  leading  symptoms.  Spasms  attend  some  cases  of 
this  kind,  and  vomiting  attends  others.  Such  cases  occur 
now  and  then  in  epidemics  of  common  continued  fever,  but 
are  more  frequent  in  the  most  malignant  epidemic  diseases. 
Plague,  Yellow  Fever,  Cynanche  maligna;  and  many  cases 
of  Epidemic  Cholera  are  closely  analogous  to  tliem.  In  all 
these  cases,  if  this  first  and  very  dangerous  effect  of  the  re- 
mote cause  of  the  disease  is  recovered  from,  it  is  usually  suc- 
ceeded by  a  distinct,  but  generally  feeble,  febrile  reaction. 

2.  What  is  called  the  Inflammatory  form  of  Idiopathic 
Fever,  is  the  most  widely  different  from  the  congestive 
form.    In  this  case,  the  depression  in  the  first  or  cold  stage 
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is  the  least,  and  the  febrile  reaction  is  the  strongest,  the 
pulse  full,  firm  and  frequent,  the  skin  hot  and  retentive  of 
its  increased  temperature;  the  thirst  intense,  the  urine 
genei-ally  high  coloured,  the  face  often  flushed,  and  the 
febrile  pains  of  head  and  other  parts  intense ;  the  senses 
often  preternaturally  acute,  and  the  delirium,  if  present, 
attended  with  increased  rapidity  of  thought,  and  sometimes 
with  violence. 

In  all  cases  of  idiopathic  fever,  these  symptoms,  sooner 
or  later,  undergo  a  change,  and  pass  into  the  typhoid  form 
more  or  less  completely ;  but  the  cases  in  which  the  symp- 
toms HOW  mentioned  are  the  best  marked,  and  last  longest, 
and  where  the  subsequent  typhoid  stage  is  the  least  obvious, 
haA^e  the  general  name  of  Inflammatory  Fever. 

3.  On  the  other  hand,  the  name  of  Typhoid  Fever  is 
given  to  those  cases  in  which,  after  the  febrile  reaction  has 
been  established,  the  typhoid  symptoms  already  enume- 
rated *, — in  the  state  of  the  circulation,  of  the  secretions,  of 
the  nervous  system,  and  of  the  blood,  are  eai'liest  observed, 
and  are  most  urgent ; — the  distinction  between  this  and  the 
inflammatory  form  of  fever  being  therefore  a  difference  in 
degree  rather  than  in  kind. 

The  term  Malignant,  as  applied  to  fevers,  may  be  said  to 
include  the  rare  congestive,  and  the  frequent  typhoid  fever ; 
as  applied  to  epidemics,  to  denote  those  in  which  cases  of 
these  two  descriptions  are  the  most  frequent. 

Under  the  general  name  of  Typhoid  Fevers,  we  may  de- 
scribe three  subordinate  varieties,  which  it  is  in  some  cases 
easy  and  important  to  distinguish ;  but  which  in  most  in- 
stances are  blended  together,  or  graduate  into  one  another. 

a.  When  the  most  obvious  and  urgent  of  the  typhoid 
symptoms  are  those  of  mere  debility  of  the  vital  actions, — 
soft  compressible  pulse,  dry  foul  tongue  and  lips,  deficient 
or  easily  depressed  heat  of  the  surface,  and  extreme  mus- 
cular debility,  shewn  in  the  voice  and  attitude  as  well  as  in 
the  muscular  movements, — the  name  of  "  Fievre  Adyna- 
raiquc"  is  given  by  recent  French  authors,  and  the  term 
Low  Fever  is  the  most  appropriate  in  our  language. 

•  See  p.  483. 
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b.  When  the  most  obvious  and  urgent  of  the  typlioiti 
symptoms  are  those  indicating  derangement  of  the  func- 
tions of  tlic  Nervous  System, — pervigilium,  restlessness,  tre- 
mors or  spasms,  deafness,  contracted  pupil,  and  other  af- 
fections of  the  external  senses,  delirium,  especially  of  the 
more  active  kind,  and  this  afterwards  subsiding  into  stupor, 
— the  case  has  been  styled  "  Fievre  Ataxique"  by  the  French, 
and  is  generally  called  Nervous  or  Brain  Fever  in  this  coun- 
try. This  form  of  fever  is  most  remarkably  seen  in-  per- 
sons in  whom  the  nervous  system  has  been  pre\'iously  and 
habitually  excited,  either  by  voluntary  mental  exertion,  or 
strong  and  lasting  emotion, — or  by  the  inordinate  use  of 
stimuli,  such  as  alcohol. 

c.  When  the  most  obvious  of  the  typhoid  symptoms  are 
those  denoting  a  dissolved  state  of  the  blood,  petechias, 
passive  hajmorrhages,  gangrene  from  slight  irritations,  &c. 
the  case  has  still  among  many  the  name  of  Putrid  Fever. 

All  these  varieties  maybe  observed  in  cases  where  neither 
the  symptoms  before  death,  nor  the  appearances  after  death, 
give  any  clear  indication  of  inflammation  in  any  individual 
organ  ;  and  may  be  said  thei'efore  to  be  different  forms  of 
Simple  Fever. 

II.  The  more  complex  and  most  generally  dangerous 
forms  of  fever,  are  those  where  the  symptoms,  especially  of 
the  typhoid  fever,  are  combined,  either  from  the  first  or 
during  their  progress,  with  such  symptoms  as  indicate,  with 
more  or  less  certainty,  local  Inflammatory  Action  in  some 
part  of  the  body ;  and  these  are  most  simply  divided  into 
Fevers  with  afiection  of  the  head,  chest,  or  abdomen. 

It  may  be  stated  generally,  that  inflammations  of  certain 
organs  in  the  body  are  very  apt  to  combine  themselves  with 
general  fever;  but  that  the  course  of  these  inflammations 
is  evidently  modified  ;  the  fixed  pains  attending  them  are 
generally  less  acute;  their  other  symptoms  often  become 
protracted,  and  remain  nearly  stationary  for  a  longer  time 
than  in  other  cases;  and  they  tend,  as  will 'afterwards  ap- 
pear, to  terminations  which  are  in  some  respects  peculiar. 
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The  modifyiny  effect  of  fever  on  local  inflammation,  is  seen 
where  fever  attacks  a  person  in  whom  any  cutaneous  in- 
flammation and  effusion  are  going  on ;  the  appearance  of 
which  is  usually  much  altered,  and  the  discharge  often  sup- 
pressed during  the  febrile  state. 

1.  It  is  obvious  that  many  of  the  symptoms  of  affection 
of  the  brain  which  occur  in  fever,  are  the  same  as  attend 
cases  of  unequivocal  inflammation  of  the  brain,  e.  g.  the 
headach,  often  violent;  the  impatience  of  light  and  sound  ; 
frequent  nausea  and  vomiting ;  the  indications  of  determi- 
nation of  blood  to  the  head ;  the  delirium,  of  various  cha- 
I'acter,  spasms  of  various  muscles;  and  ultimately  Coma. 
Such  symptoms  are  perhaps  chiefly  seen  in  the  fevers  of 
the  hottest  weather  of  this  climate,  and  in  those  of  warmer 
climates.    It  is  also  certain,  as  will  be  stated  afterwards, 
that  unequivocal  effects  of  inflammation  have  been  occa- 
sionally found  on  dissection,  after  fatal  fevers ;  that  more 
or  less  effusion  of  serum  within  the  cranium,  which  was 
described  as  the  first  effect  of  inflammation  there,  is  com-  • 
raon  in  such  cases ;  and  that  the  remedies  for  inflamma- 
tion, early  and  prudently  applied,  have  often  appeared  to 
relieve  very  considerably  the  symptoms  of  affection  of  the 
Nervous  System  occurring  in  fever ;   and  therefore,  al- 
though we  shall  afterwards  see  reason  to  believe  that  the 
affection  of  the  brain  in  fever  is  by  no  means  simply  in- 
flammatory, but  partly  dependent  on  another  cause,  yet  we 
may  consider  it  as  ascertained,  that  a  degree  of  inflamma- 
tion within  the  cranium  (generally  best  designated  by  the 
title  of  Subacute),  does  often  accompany  idiopathic  fever; 
and  is  most  to  be  sipprehended  when  the  symptoms  above 
mentioned  are  the  most  urgent,  and  wlien  there  appears  to 
be  danger  of  dcatli  strictly  in  the  way  of  coma,  rather  than 
by  reason  of  the  circulation  bejng  enfeebled. 

2.  There  are  many  cases  of  fever,  especially  in  winter 
and  spring,  in  which  an  inflammatory  affection  of  the  or- 
gans of  respiration,  marked  by  cough,  hurried  or  laborious, 
sind  sometimes  stridulous  breathing,  and  more  or  less  of 
pain  of  chest,  cither  accompanies  the  disease  from  the  com- 
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mencement,  or  supervenes  during  its  progress;  and  in  a 
number  of  these,  it  is  obvious  that  death  takes  place,  or  is 
strongly  threatened,  by  Asphyxia,  from  the  embarrassed 
state  of  the  respiration,  rather  than  by  Asthenia,  from  the 
weakened  action  of  the  organs  of  circulation. 

This  affection  of  the  chest,  besides  being  attended  with 
more  or  less  of  the  typhoid  symptoms,  formerly  mentioned, 
which  make  no  part  of  the  symptoms  in  ordinary  cases  of 
idiopathic  bronchitis  or  pneumonia,  hasacourse  considerably 
different  from  those  diseases.  It  is  often  of  long  dui'ation,  is 
apparently  less  under  the  influence  of  active  remedies;  and 
although  it  may  be  moderated  or  restrained,  is  seldom  ob- 
served to  subside  completely,  until  the  period  of  sponta- 
neous abatement  of  tlie  fever,  which,  in  such  cases,  is  often 
long  pi'otracted.  The  cough  and  dyspnoea  are  generally 
much  more  urgent  symptoms  in  this  combination  of  pec- 
toral affection  with  fever,  than  the  pain  of  chest;  and  the 
symptoms  observed  by  auscultation  and  percussion,  and 
the  appearances  on  dissection,  clearly  indicate  that  the  mu- 
cous membrane  of  the  bronchite,  and  parts  of  the  substance 
of  the  lungs,  are  very  liable  to  inflammation,  of  a  somewhat 
peculiar  character,  in  the  course  of  fever,  but  that  inflam- 
mation of  the  serous  membranes  within  the  chest  is  very 
rare. 

3.  The  affections  of  the  abdominal  viscera,  frequently 
attending  idiopathic  fevei*,  are  somewhat  various.  An  at- 
tack of  jaundice,  at  least  of  yellowness  of  the  skin,  in  the 
course  of  the  disease,  is  frequent  and  very  dangerous  in  the 
fevers  of  hot  climates,  and  occurs  occasionally  in  this.  It 
is  often  attended  with  pain  and  tenderness  in  the  situation 
of  the  liver,  and  such  affection  of  the  breathing,  such  nau- 
sea and  vomiting,  as  usually  attend  inflammation  of  the 
liver ;  but  in  some  cases,  it  is  unattended  with  such  symp- 
toms. In  some  cases,  it  is  unattended  with  the  usual  indi- 
cations of  jauiidice  in  the  stools  and  urine ;  and  in  general, 
it  has  appeared,  on  dissection,  unconnected  with  any  visi- 
ble obstruction  of  the  gall-ducts. 

In  other  cases  of  fever,  without  jaundice,  there  is  so 
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much  pain  and  tenderness  in  the  situation)  of  the  stomach, 
and  nausea  and  vomiting,  increased  by  all  ingesta,  as  to 
justify  the  belief  of  inflammation  (generally  subacute)  in 
the  stomach  itself.  These  affections,  both  of  the  liver  and 
stomach,  in  fever,  if  not  early  checked,  are  frequently 
followed  by  sudden  increase  of  the  symptoms  of  affection 
of  the  brain,  and  by  rapidly  advancing  coma. 

But  the  most  common  abdominal  affection  in  fever,  is 
that  in  which  the  intestines  are  chiefly  concerned,  which 
comes  on  at  different  times,  but  chiefly,  and  with  most  dan- 
ger, in  the  later  stages ;  and  this  is  marked  sometimes  by 
severe  pain  and  tenderness,  but  in  general  chiefly  by  diar- 
rhoea, seldom  violent,  but  often  obstinate ;  it  is  attended 
with  occasional  griping  (often  aggravated  by  ingesta), 
sometimes  with  scanty  mucous  and  bloody  stools  and  tenes- 
mus, as  in  dysentery,  but  more  frequently  without  such 
symptoms.  It  is  often  accompanied  with  gradually  in- 
creasing tympanitic  distention,  and  often  occasions  long 
protraction  of  the  typhoid  febrile  symptoms,  in  the  course 
of  which  great  emaciation,  extreme  debility,  and  often  a 
peculiar  dryness  of  the  skin  are  observed ;  and  in  a  few  cases 
it  is  followed,  either  by  sudden  exhausting  haemorrhage, 
or  by  a  sudden  attack  of  acute  pain  and  tenderness  of  ab- 
domen, with  vomiting  and  rapid  sinking. 

It  is  well  ascertained  that  such  abdominal  symptoms  in 
fever  depend  very  generally  on  inflammation  of  the  mu- 
cous membrane,  and  especially  of  the  mucous  glands  of  the 
intestines ;  that  this  inflammation  tends  rapidly  to  ulcera- 
tion ;  and  tliat  the  attacks  of  sudden  haemorrhage  or  of  acute 
pain  and  tenderness  in  the  advanced  stages  of  such  cases, 
usually  depend  on  erosion  of  bloodvessels,  or  perforation  of 
the  whole  coats,  and  escape  of  the  contents  of  the  intestines 
into  the  cavity  of  the  abdomen,  in  the  course  of  that  ulce- 
ration ;  but  that  inflammation  commencing  in,  or  confined 
to,  the  peritoneum,  is  equally  rare  in  fever,  as  that  of  the 
serous  membranes  within  the  chest. 

Besides  these  inflammatory  appearances  in  internal  parts, 
often  found  after  fatal  fevers,  there  are  many  cases  of  ex- 
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ternal  inflammation  going  on  to  ulceration,  and  olten  to 
gangrene,  which  attend  the  later  stages  of  fevers.  These 
may  often  be  ascribed  to  accidental  irritation,  such  as  pres- 
sure, or  the  dribbling  of  urine.  They  sometimes  occur, 
especially  in  the  extremities,  without  any  assignable  cause; 
but  from  the'  time  and  mode  of  their  occin-rence,  are  al- 
ways j-egarded  as  effects  or  accompaniments  of  the  fever. 

The  different  local  affections  now  described  frequently 
succeed  each  other,  or  are  combined  together  in  the  course 
of  fever,  in  the  same  patient;  and  observation  of  the  symp- 
toms of  the  later  stages  of  most  fatal  fevers,  at  least  in  this 
climate,  sufficiently  indicates  that  the  danger  most  gene- 
rally results  fi-om  a  combination  of  one  or  more  of  these  local 
a,ff'ections  with  the  typhoid  form  of  the  fever,  and  especially 
with  the  enfeebled  state  of  the  circulation. 

Whenever  the  symptoms  of  any  local  inflammation  have 
combined  themselves  with  those  of  general  fever,  it  is  to  be 
apprehended  that  the  fever  will  be  much  protracted ;  and 
in  fact,  it  is  frequently  by  the  protraction  of  the  case,  ra- 
ther than  by  the  intensity  of  any  local  symptoms,  that  we 
are  led  to  suspect  the  local  diseases,  of  which  the  evidence 
may  afterwards  appear  on  dissection.  There  are  also  great 
varieties,  not  only  in  different  indixadudl  cases,  but  in  diffe- 
rent epidemics,  as  to  the  average  duration  of  the  disease, 
and  as  to  tlie  intensity  of  the  typhoid  symptoms,  the  fre- 
quency of  eruptions,  or  the  indications  of  a  diseased  state 
of  the  blood, — which  cannot  be  ascribed  to  the  influence 
of  any  external  causes,  and  must  be  held  to  denote  varieties 
in  the  nature  and  virulence  of  the  remote  cause  of  the  disease. 

But  altliough  we  consider  it  of  real  importance  to  mark 
tliese  distinctions,  both  in  the  essential  symptoms  of  Fever 
itself,  and  also  in  tlie  concomitant  local  affections  which 
distinguish  individual  cases,  and  sometimes  epidemics,  from 
each  other,  yet  it  appears  equally  certain,  from  considera- 
tion of  the  nature  of  these  distinctions,  of  the  manner  in 
which  the  varieties,  thus  marked,  graduate  into  one  an- 
other, or  are  blended  together  in  the  same  cases,  and  by  the 
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matiy  varieties  wliicli  present  themselves  in  the  same  epi- 
demic, and  in  immediate  connexion  with  each  other,  that 
all  the  continued  fevers  of  this  climate  must  be  regarded  as 
fundamentally  the  same  disease. 

The  Intermitting  and  Remitting  Fevers  have  obviously, 
from  what  was  already  said  of  their  characteristic  symp_ 
toms,  as  well  as  from  their  remote  causes,  peculiar  cha- 
racters, and  may  be  regarded  as  varieties  of  a  disease  dif- 
ferent from  Continued  Fever,  although  so  closely  allied  to 
it,  as  to  be  properly  included  in  the  same  genus.    In  the 
warmer  climates,  and  especially  in  the  lower  grounds  in 
these  climates,  the  external  cause  of  this  disease  acts  with 
the  greatest  virulence;  and  in  these,  it  is  doubtful  whe- 
ther the  continued  fever  of  this  climate  really  exists.  But 
it  is  certain  that  the  remittent  fevers,  in  their  highest  de- 
gree of  intensity,  have  nearly  the  continued  form ;  and 
they  are  then  attended  with  great  danger,  and  shew  the 
following  peculiarities :  1.  That  their  whole  progress  is  much 
more  rapid  than  that  of  the  fevers  in  this  climate ;  2.  That 
the  symptoms  denoting  inflammation  or  an  approach  to  in- 
flammation of  the  brain  are  often  more  urgent,  in  the  first 
instance,  than  here ;  and  3.  That  the  symptoms  of  inflam- 
mation, or  a  state  nearly  resembling  inflammation,  of  the 
liver  and  stomach,  with  or  without  the  occurrence  of  jaun- 
dice, are  more  lU'gent,  and  much  oftener  appear  concerned 
in  the  fatal  event. 

In  diiferent  cases,  and  in  difl^erent  epidemics,  of  the  fevers 
of  hot  climates,  there  is  a  variety  as  to  these  concomitant 
local  symptoms ;  but  it  appears  clearly  that  there  is  also  a 
variety,  in  different  seasons  and  situations  in  these  climates, 
as  to  the  intensity  or  malignity  of  the  proper  febrile  symp- 
toms ;  the  depression  of  the  vital  power  of  the  circulating- 
system,  and  the  symptoms  of  dissolved  state  of  the  blood, 
shewing  themselves  much  earlier,  more  extensively,  and 
more  intensely  in  some  seasons  than  in  others.  When 
this  is  the  case,  the  remissions  are  the  least  obvious,  and  it 
is  on  such  occasions  that  a  doubt  still  exists,  whether  tl»e 
remittent  fever  does  not  acquire  that  most  important  pro- 
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perty  of  the  continued,  the  power  of  spreading  by  conta- 
gion. 

It  may  be  stated,  in  concluding  this  account  of  the  symp- 
toms and  varieties  of  Fever,  that  after  the  febrile  action  has 
subsided,  and  the  patient  begun  to  become  convalescent,  he 
is  left  in  a  state  of  weakness  and  perhaps  irritability,  in  which 
he  is  peculiarly  liable  to  inflammatory  attacks;  the  symp- 
toms of  which  are  often  obscure,  or  nearly  latent,  and  very 
easily  confounded  with  those  of  the  preceding  fever,  inso- 
much that  it  is  often  difficult  to  judge,  whether  death  is  to 
be  ascribed  to  fever,  or  to  some  of  these,  its  immediate 
consequences. 

Scrofulous  affections  are  likewise  very  apt  to  be  excited 
by  their  usual  causes,  after  the  cessation  of  idiopathic 
fever;  and  various  other  organic  diseases  often  take  their 
origin  at  that  time.  In  the  case  of  intermitting  fevers,  and 
especially  of  those  Avhich  are  of  long  duration,  and  in  which 
the  cold  stage  is  long  and  violent,  enlargements  of  the  liver 
and  spleen  are  peculiarly  apt  to  take  place  towards  the 
close  of,  or  subsequently  to,  the  disease. 

SECTION  11. 

OF  THE  APPEARANCES  ON  DISSECTION  AFTER  IDIOPATHIC 

FEVERS. 

The  first  fact  to  beboi'ne  in  mind  in  this  part  of  the  sub- 
ject is  the  occasional  entire  absence,  after  fatal  fever,  of  any 
aj)pearances,  which  can  be  strictly  called  morbid ;  i.  e.  of 
any  which  are  not  frequently  obsei'ved,  in  cases  either  of 
sudden  and  violent  death,  or  of  death  from  causes  allowed 
to  be  unconnected,  either  with  general  febrile  action,  or  with 
any  symptoms  of  disease  of  the  parts,  Avhere  they  are  found. 
It  may  be  allowed,  tliat  this  is  a  rare  case ;  but  it  is  not  on 
that  account  the  less  pathologically  important,  and  it  is 
admitted  by  the  most  accurate  morbid  anatomists  as  an  un- 
equivocal result  of  their  inquiries. 
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Next,  it  is  to  be  observed,  that  the  morbid  appearances, 
found  after  fatal  fevers,  are  often  observed  to  be  remark- 
ably various,  even  in  cases,  the  leading  symptoms  of  which 
are  nearly  the  same ;  and  that  they  are  far  from  bearing 
any  fixed  proportion  to  the  intensity  of  the  symptoms  of 
affection  of  the  parts  where  they  are  found. 

This  maybe  ascribed  in  a  great  measure  to  the  enfeebled 
state  of  the  circulation  at  the  time  when  these  local  affec- 
tions take  place,  rendering  them,  as  has  been  already  stated, 
frequently  latent. 

In  regard  to  the  nature  of  the  morbid  appearances  which 
are  found  after  death  by  fever,  it  is  to  be  observed,  that  they 
are  almost  uniformly  indications  of  inflammation ;  but  this 
inflammation  is  distinguished  by  two  peculiarities,  ^rs^,  that 
it  is  seated  very  generally  in  certain  textures  only ;  and, 
secondly,  that  its  effects  are  apparently  more  limited  than  in 
other  cases,  and  in  particular  the  effusions  of  coagulable 
lymph  and  of  pus  are  found  to  a  very  small  extent,  in  com- 
parison with  what  is  seen  in  idiopathic  inflammation  of  the 
same  parts.  Indeed  there  are  so  many  fatal  cases  of  fever, 
attended  with  evident  local  affections,  and  shewing  on  dis- 
sectionmarks  of  local  inflammation,  in  which  no  effusion 
of  lymph  or  pus  appears  on  dissection,  that  it  may  be  sus- 
pected, in  the  comparatively  few  cases  where  such  effusions 
to  any  considerable  extent  have  been  described,  that  they 
had  resulted  from  simple  inflammation  immediately  suc- 
ceeding (as  often  happens)  to  the  fever,  rather  than  that 
they  had  taken  place  during  t;:e  fever  itself. 

I.  Within  the  cranium,  the  morbid  appeai'ances  found 
after  death  from  fever,  are  in  by  far  the  greater  number  of 
cases,  confined  to  increase  of  the  natural  sei'ous  exhalation 
on  the  different  surfaces,  particularly  in  the  ventricles,  and 
beneath  the  ai'achnoid  coat; — in  which  situations  in  the 
case  of  fever,  (although  not  in  strictly  inflammatory  cases) 
the  increased  exhalations  are  very  generally  found  simul- 
taneously. This  effusion  may  be  held  to  be  morbid,  when- 
ever it  is  of  such  extent  as  obviously  to  distend  the  vcntri- 
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cles,  to  elevate  the  arachnoid  coat,  or  to  widen  the  depres- 
sions between  the  convolutions  of  the  brain  *. 

Such  morbid  effusion  is  probably  the  most  frequent  of 
any  morbid  appearances  after  continued  fevev  in  Scotland ; 
but  it  is  to  be  observed,  that  it  is  frequently  found  like- 
wise after  inflammatory  diseases,  in  whicli  abundant  cause 
of  death  appears  on  dissection  in  other  parts  of  the  body. 
It  is  also  found  after  many  cases  of  chronic  disease  of  dif- 
ferent parts  of  the  body ;  and  this  circumstance  renders  it 
somewhat  difficult  to  judge,  how  far  it  can  really  be  re- 
garded in  the  cases  now  in  question,  as  an  effect  of  fever ; 
but  when  it  is  found  in  a  person  ^vho  was  in  perfect  health 
ten  or  fourteen  days  before  his  death,  and  in  whom  febrile 
symptoms  and  affections  of  the  head  resembling  the  usual 
effects  of  inflammation  there  have  intervened,  we  cannot 
hesitate  about  regarding  this,  which  is  an  acknowledged  re- 
sult of  inflammatory  action,  as  a  morbid  appearance  strict- 
ly connected  with  the  fatal  fever.  It  is  important,  how- 
ever, to  observe,  that  the  whole  amount  of  this  effusion 
within  the  cranium,  in  cases  of  fever,  seldom  amounts  to 
an  ounce ;  and  is  very  generally  much  less  than  in  fatal 
cases  of  idiopathic  inflammation  within  the  cranium,  whe- 
ther acute  or  chronic. 

An  injected  or  unusually  turgid  state  of  the  bloodves- 
sels within  the  head,  especially  of  the  pia  mater  and  sub- 
stance of  the  brain,  is  often  observed  after  fatal  fevers,  and 
is  probably  often  an  effect  of  the  same  condition  of  the  ves- 
sels, from  which  the  effusion  results ;  but  agreeably  to  wliat 
was  formerly  said,  we  are  not  entitled  to  deduce  from  that 
appearance  alone,  any  inference  as  to  inflammation,  or 
even  morbid  congestion  of  blood  in  the  part  before  deatli. 

In  a  few  instances,  after  fatal  fever,  a  little  extravasa- 
tion of  blood  has  been  found  within  the  cranium ;  and 
in  a  greater  number,  where  paralytic  strokes  have  taken 
place  in  the  course  of  fever,  we  are  pretty  certain,  that 
such  extravasation  has  occurred.   In  a  few  cases  also,  effu- 


*  See  Andhal,  Clin.  Med.  t.  i.  p.  418. 
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sions  of  lymph  on  the  cerebral  membranes,  and  even  de- 
posits of  purulent  matter,  either  circumscribed  or  diffused, 
have  been  found ;  but  in  some  of  these,  at  least,  it  may  be 
doubted,  whether  these  decidedly  inflammatory  effusions 
had  taken  place  during  the  true  febrile  state. 

The  appearances  now  mentioned  may  be  supposed  to 
have  connexion  with  the  comatose  tendency,  and  the  death 
in  the  way  of  coma  in  Fever ;  but  they  are  sometimes  alto- 
gether absent  in  cases  of  that  kind,  and  their  amount  can- 
not by  any  means  be  anticipated  from  observing  the  dura- 
tion or  intensity  of  that  tendency.  It  is  certain,  that 
neither  unusual  hardness,  nor  unusual  softness,  of  the  sub- 
stance of  the  brain,  is  uniformly,  or  even  very  frequently, 
connected  with  the  symptoms  of  fever,  and  that  any  indi- 
cations of  disease  of  the  dura  mater  during  fever  are  very 
rare. 

In  the  Spinal  Cord,  appearances  similar  to  those  now  de- 
scribed in  the  brain,  have  been  occasionally  observed,  but 
do  not  appear  to  be  very  common,  nor  can  any  uniform 
connexion  be  traced  between  the  appearances  there,  and 
spasms  or  other  affections  of  the  voluntary  muscles  in 
fever. 

II.  The  morbid  appearances  found  in  the  air-passages 
and  within  the  chest  after  fatal  Fever,  and  which  are  often 
evidently  connected  with  the  death  by  Asphyxia  in  fever, 
are  the  following. 

1.  There  is,  in  a  few  cases  of  fcA'^er,  an  inflammation, 
generally  a  peculiar  aphthous  inflammation,  of  the  mucous 
membrane  of  the  fauces  and  larynx,  and  the  thickening 
and  exudation  in  the  latter  part  may  be  to  such  extent  as  to 
embarrass  the  respiration  very  materially,  and  conduce  to 
the  fatal  event.  But  it  is  very  seldom  that  the  mechanical 
impediment  to  the  access  of  air  to  the  lungs,  produced  by 
inflammation  of  this  part  during  the  progress  of  the  true 
febrile  symptoms,  is  very  great. 

2.  In  a  great  proportion  of  fatal  cases  of  fever,  more  or 
less  of  the  usual  indications  of  inflammation  of  the  mucous 
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membvimc  of  tlie  broucliiai,  vascularity  and  tliickeiiing,  and 
effusion  of  viscid  or  Irotliy  mucus,  are  found  on  dissection  ; 
and  in  some  cases  tliese  effects  ol"  Bronchitis  are  so  general, 
in  both  sides  of  the  chest,  as  to  afford  a  satisfactory  ex- 
planation of  much  dyspnoea,  and  of  death  by  asphyxia. 

3.  In  a  considerable  number  of  cases  there  is  found  a 
decidedly  morbid  amount  of  serous  effusion  into  the  pul- 
monary cellular  substance  itself,  which  is  discharged  on 
cutting  and  pressing  that  substance. 

4.  In  many  cases  there  is  found  after  fatal  fever,  conden- 
sation of  part  of  the  substance  of  the  lungs,  known  by  its 
not  crepitating  under  the  knife,  and  often  likewise  by  its 
sinking  in  water,  and  attended  with  softening.  But  this 
condensation  A'ery  generally  differs  from  the  hepatisation 
formerly  described,  in  having  a  darker  and  more  uniform 
colour,  and  not  shewing  the  characteristic  appearance  of 
grapular  lymph  *. 

In  regard  to  these  appearances  in  the  substance  of  the 
lungs  it  is  to  be  observed,  that  they  frequently  coexist  with 
the  indications  of  Bronchitis,  already  mentioned  ;  and  that 
in  such  cases,  if  they  are  found  only  in  the  posterior  or  de- 
pending portions  of  the  lungs,  and  nearly  alike  in  both  sides 
of  the  chest,  although  not  strictly  post-mortem  appearances, 
yet  they  indicate  only  congestion  of  blood,  and  consequent 
extravasation  taking  place  within  the  last  few  hours  of  life ; 
when  the  blood,  in  consequence  of  its  defective  arterializa- 
tion,  and  of  the  enfeebled  action  of  the  heart,  is  making  its 
way  so  slowly  through  the  capillaries  of  the  lungs,  that  it 
is  liable  to  the  influence  of  gravitation,  and  stagnates  so 
much  in  the  lowest  of  the  vessels  of  the  lungs,  as  to  dis- 
tend these  vessels  permanently,  and  to  transude  from  them 
more  or  less  completely  into  the  adjacent  cellular  substance. 

That  these  results  should  follow  from  the  languid  raove- 
ment  of  the  blood  through  the  lungs,  in  this  and  other  acute 
diseases,  when  the  blood  is  in  full  quantity,  its  vitality  pro- 
bably impaired,  its  arterialization  impeded,  and  the  powers 
propelling  it  much  depressed,  is  what  may  readily  be  anti- 
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cipated  ;  and  that  this  is  tlie  real  explanation  of  the  appear- 
ances now  described,  in  many  cases  of  fever,  seems  suffi- 
ciently demonstrated  by  their  occupying  so  strictly,  in  many 
such,  the  depending  portions  of  the  lungs,—  by  their  being 
often  found  in  that  situation  where  no  pneumonic  symp- 
toms had  occurred, — and  by  two  observations  of  Laennec, 
1.  That  he  had  repeatedly  satisfied  himself,  by  ausculta- 
tion, of  the  commencement  of  this  "  Peripneumonie  des 
Agonisans,"  only  at  the  time  when  the  powers  of  life  were 
prostrate ;  and  2.  That  in  one  case,  where  in  consequence 
of  sores  on  the  back,  the  patient  was  constrained  to  lie  on 
his  face,  for  some  time  before  death,  the  very  same  appear- 
ances were  found  in  the  anterior  (but  still  the  depending) 
portions  of  the  lungs. 

When  the  effusion  of  serum,  or  extravasation  of  en- 
tire blood,  into  the  cells  of  the  lungs,  are  found  in  parts 
that  do  not  lie  lowest,  or  variously  disposed  throughout 
the  lungs,  it  may  confidently  be  inferred  that  they  are  the 
effects  of  an  inflammatory  action ;  but  somewhat  modified 
by  the  presence  of  the  typhoid  fever,  so  as  to  give  results 
in  some  measure  different  from  what  are  seen  after  other 
eases  of  inflammation  there. 

5.  There  are  some  cases,  in  which  real  gangrene  of  the 
lungs,  known  by  perfect  flaccidity  and  putrid  smell,  and 
generally  denoted  before  death  by  the  peculiar  foetor  of  the 
breath,  is  found  as  a  consequence  of  inflammation  of  the 
lungs,  accompanying  Fever ;  as  in  other  cases  where  pneu- 
monic inflammation  is  attended  with  great  weakness  of  the 
circulation. 

Evidence  of  inflammation  of  the  pleura  or  pericardium 
is  very  rarely  seen  after  idiopathic  fever,  except  in  cases 
where  the  progress  of  the  symptoms  gives  reason  to  believe 
that  a  simply  inflammatory  attack  had  supervened  on  fe- 
ver already  on  the  decline. 

III.  The  alterations  of  the  Liver  found  after  fever,  and 
which  can  bo  regarded  as  consequent  on  it,  even  where 
there  has  been  yellowness  of  the  skin,  very  seldom  amount 

I  i  2 


500 


OUTLINES  OF  PATHOLOGY. 


to  more  than  pai-tial  enlargement  and  softening,  and  injec- 
tion of  minute  vessels.  In  the  spleen  morbid  softening  is 
more  common;  and  much  but  various  alteration  of  the  ap- 
pearance of  the  bile,  after  fatal  fevers,  has  been  remarked  by 
Andral  and  others  ;  and  is  important  to  be  noticed,  as  it 
may  possibly  be  concerned  in  producing  the  affections  of 
the  intestines  now  to  be  mentioned. 

The  morbid  appearances  in  the  mucous  membrane  of  the 
Stomach  and  Bowels  often  seen  after  fever,  demand  careful 
attention.  They  are  seen  frequently  in  cases  where  there 
has  been  much  affection  of  these  parts  during  life,  but  bear  no 
fixed  proportion  to  the  intensity  of  the  symptoms  denoting 
such  affection  ;  and  in  cases  that  are  long  protracted,  they 
are  often  observed  to  an  unexpected  extent,  when  the  func- 
tions of  the  bowels  had  appeared  to  be  very  little  deranged. 

It  may  be  said  in  general,  that  these  appearances  differ 
from  those  commonly  seen  after  idiopathic  inflammation  of 
the  same  parts  (e.  g.  in  dysentery),  in  the  inflammation 
being  here  more  limited  to  spots  on  the  membrane,  and  the 
effusion  of  lymph  consequent  on  it,  being  to  a  much  less 
extent. 

The  marks  of  inflammation  of  this  membrane  found  after 
death  by  fever,  are  generally  the  following. 

1.  Brownish-red  patches,  generally  with  a  reddish  co- 
loured mucus  lying  on  them.  But  this  appearance,  if  con- 
fined to  parts  that  lie  lowest  in  the  position  of  the  body  in 
the  last  hours  of  life,  and  after  death,  is  by  no  means  to  be 
trusted  as  an  indication  of  previous  inflammatory  action. 
2.  Softening  and  thickening  of  the  membrane  at  the 
parts  so  discoloured,  which,  if  accurately  and  carefully 
described,  are  much  better  signs  of  real  disease  than  any 
variations  of  mere  colour  *.     3.  Effusions  of  lymph,  in 

•  In  the  fevers  of  hot  climates,  which  are  so  rapidly  fatal,  the  morbid 
appearances  found  in  the  abdomen,  and  connected  with  the  hicessant 
retching,  and  ultimately  with  the  black  vomit,  are  generally  confined  to 
the  appearances  now  described,  existing  often  in  an  intense  degree  in  the 
mucous  membrane  of  the  stomach,  but  without  exudation  of  lymph  or  ul- 
ceration. 
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spots  dispersed  over  tlie  surface,  which  adhere  for  a  time 
to  the  mucous  membrane  itself,  and  sometimes  take  much 
the  form  of  exanthematous  diseases.  4.  Ulcers  of  vari- 
ous size  and  form,  generally  rather  thinly  scattered,  ex- 
cepting at  the  lower  end  of  the  ileum,  where  they  are  often 
set  in  clusters  ;  very  generally  preceded  by  some  effusion  of 
lymph,  and  formed  sometimes  by  the  ulcerative  absorption 
only,  in  other  cases  in  part  by  sloughing  of  the  membrane. 

All  these  appearances  are  observed  sometimes  in  spots  of 
the  mucous  membrane  itself,  but  more  generally  in  the  por- 
tions of  that  membrane  already  occupied  by  the  small  mu- 
cous glands,  named  Glands  of  Peyer  and  Brunner.  They 
are  most  common  in  the  ileum,  especially  its  lower  extre- 
mity, next  in  the  caecum  and  colon,  and  next  in  the  sto- 
mach, and  are  rarest  in  the  duodenum.  They  are  very  of- 
ten attended  with  vascularity  of  the  corresponding  parts  of 
the  mesentery,  and  enlargement  and  injection  of  the  corres- 
ponding mesenteric  glands. 

Such  unequivocal  disease  of  the  mucous  membrane  of 
the  alimentary  canal  is  found,  either  alone,  or  in  combina- 
tion with  the  other  diseased  appearances  above  mentioned, 
in  a  majority  of  fatal  cases  of  continued  fever,  which  oc- 
cur in  Paris,  and  in  a  large  proportion  of  those  that  occur 
in  London  ;-.but  in  a  much  smaller  proportion  of  fatal  cases 
in  Scotland.  They  are  decidedly  more  frequent,  at  least  in 
this  country,  after  the  fevers  of  children  and  yoting  persons 
than  in  advanced  life  ;  and  in  fevers  that  are  fatal  at  an  ad- 
vanced period  than  in  those  that  are  rapidly  fatal. 

We  have  good  evidence  that  the  ulcers  thus  formed  may 
be  afterwards  cicatrized ;  but  there  are  also  a  certain  num- 
ber of  cases,  in  which  dissection  shews  that  the  ulceration 
has  extended  to  vessels  of  such  size  as  to  give  a  copious  dis- 
charge of  blood ;  and  others  in  which  it  has  led  to  perfora- 
tion of  the  whole  coats  of  the  intestines,  escape  of  their 
contents,  and  consequent  rapid  and  fatal  inflammation  of 
the  peritoneum.  These  effects  of  the  ulceration  arc  almost 
always  made  known  by  the  sudden  attacks  of  haemorrhage, 
or  of  violent  pain  and  sinking,  formerly  mentioned ;  and 
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these  symptoms  sometimes  commence  at  so  late  a  period, 
after  the  febrile  action  has  subsided,  as  to  indicate  that  the 
fever  is  by  no  means  necessarily  coexistent  with  the  forma- 
tion or  even  the  extension  of  these  ulcers. 

It  is  important  to  observe  that  the  external  inflamma- 
tions which  often  attend  the  later  stages  of  fever,  both  those 
caused  by  irritation,  such  as  pressure,  and  those  which  oc- 
cur spontaneously,  e.  g.  in  the  parotid  glands,  or  in  the  feet 
and  toes,  are  found  to  exhibit  characters,  during  life,  and 
after  death,  which  distinguish  them  from  the  more  usual 
inflammations  of  the  same  parts ;  they  often  tend  to  ulce- 
ration, and  often  to  gangrene,  but  seldom  to  effusion  of 
healthy  pus,  and  hardly  ever  to  the  formation  of  granula- 
tions, while  the  general  febrile  action  continues. 

When  pains  are  taken  to  distinguish  the  truly  morbid 
appearances  left  by  fever,  from  appearances  (such  as  stain- 
ing of  the  inner  membrane  of  arteries,  or  of  the  mucous 
membrane  of  depending  portions  of  bowels)  which  may  be 
fairly  ascribed  to  changes  taking  place  after  death,  in  a 
body  where  the  coagulation  of  the  blood  is  imperfect ; — 
and  likewise  from  the  effects  of  inflammations  often  rapidly 
supervening  during  the  convalescence  from  fever; — we  shall 
not  be  authorized  to  consider  more  phenomena  than  those 
now  described,  as  certainly  belonging  to  the  former  class. 
When  the  more  chronic  sequelee  of  fevei'  prove  fatal,  they 
leave  a  much  greater  variety  of  appearances  behind  them. 
In  particular,  when  the  enlargements  of  the  liver  and  spleen, 
so  often  consequent  on  Intermittent  Fever,  end  in  a  fatal 
chronic  disease,  the  appearances  usually  found  are  just  the 
same  as  are  common,  when  there  has  been  long-continued 
obstruction  to  the  course  of  the"  venous  blood  in  the  thorax, 
and  consequent  congestion  in  these  viscera  ; — viz.  enlarge- 
ment, hardening,  increase  of  the  whitish  cellular  substance 
in  the  parenchyma,  and  ultimately  the  development  of  tu- 
bercles there.  And  the  circumstances  preceding  the  for- 
mation of  such  organic  disease,  in  the  case  of  long-conti- 
nued intermittents,  (especially  Quartans,  where  there  have 
been  frequent  long  cold  stages,  implying  congestion  of 
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blood  in  the  great  internal  veins,  and  at  the  same  time 
feeble  circulation), — and  again,  in  cases  of  mechanical  ob- 
struction of  the  venous  circulation, — mutually  illustrate 
one  another. 

SECTION  III. 

OF  THE  REMOTE  CAUSES  OF  IDIOPATHIC  FEVERS. 

Referring,  first,  in  this  part  of  the  subject,  to  what  has 
been  already  said  *,  of  the  marks  by  which  wg  can  confi- 
dently distinguish  a  disease  that  results  from  some  local  and 
temporary  cause,  from  one  the  causes  of  which  are  generally 
diffused,  and  pretty  uniformly  recurring, — we  observe,  that 
all  Idiopathic  Fevers,  Intermittent,  Continued,  and  Erup- 
tive, appear  evidently  to  belong  chiefly,  if  not  exclusively, 
to  the  former  class ;  because  they  are  all  observed  to  pre- 
vail generally,  and  affect  many  persons  in  quick  succes- 
sion, in  certain  places,  and  at  certain  seasons ;  and  are  al- 
most or  entirely  absent,  for  long  periods,  from  other  large 
communities,  or  from  the  same  at  other  times. 

It  is  to  be  remarked,  however,  that  continued  Fever  is 
on  a  footing  somewhat  different,  in  this  respect,  from  In- 
termittent Fever,  and  from  most  of  the  Eruptive  Fevers,  or 
Exanthemata ;  because  although  sometimes  nearly  absent, 
and  not  spreading  epidemically,  it  cannot  be  ascertained  to 
be  ever  completely  absent,  from  any  large  community  in 
this  climate,  for  any  considerable  length  of  time ;  whereas 
the  other  diseases  now  mentioned,  have  been  often  known 
to  be  absent  from  whole  kingdoms,  and  for  centuries. 
This  is  a  prima  facie  ground  for  suspecting,  that  the  occur- 
rence of  this  disease  may  be  determined,  on  some  occasions, 
by  causes  of  more  uniform  and  permanent  existence  than 
that  from  which  it  more  generally  proceeds ;  and  accord- 
ingly, it  will  afterwards  appear,  that  we  have  good  evi- 
dence of  its  occurring  in  certain  circumstances,  indepen- 
dently of  the  application  of  contagion. 

•  P.  359. 
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Referring,  again,  to  what  was  said  before  *,  of  the  marks 
by  which  an  epidemic  disease,  depending  on  a  cause  which 
arises  from  the  soil,  or  is  generated  in  the  atmosphere  in 
particular  situations,  may  be  distinguished  from  one  tliatis 
propagated  by  the  intercourse  of  the  sick  with  the  healthy, — 
we  assert  with  equal  confidence,  that  Intermittent  and  Re- 
mittent fevers  are  in  the  former  predicament,  and  Continued 
fever,  and  the  Eruptive  fevers  in  the  latter.  The  experi- 
ence of  very  numerous  observers  since  the  time  of  Lancisi 
has  shewn,  that  fevers  of  the  former  class  prevail  only  in 
certain  localities, — that  these  localities  resemble  one  ano- 
ther in  certain  respects, — and  that  at  a  distance  from  these 
localities,  all  manner  of  intercourse  of  tlie  sick  with  the 
healthy  may  take  place,  without  a  fresh  case  of  the  disease 
shewing  itself  On  the  other  hand,  we  are  equally  assured 
by  very  extensive  experience,  that  all  the  facts  formerly 
referred  tof,  as  evidence,  that  the  occurrence  of  fresh  cases 
of  a  disease,  is  determined  by  the  circumstance  of  inter- 
course with  the  sick,  and  is  therefore  I'eferable  to  effluvia 
arising  from  the  bodies  of  the  sick, — are  facts  constantly 
observed  as  to  the  diffusion  of  continued  fever,  or  of  the 
eruptive  fevers,  through  any  community  in  whicli  they 
become  epidemic. 

It  remains  for  us  to  state  here,  what  has  been  ascer- 
tained as  to  the  conditions  under  wliicli  these  agents,  known 
to  us  only  bj'  their  effects,  but  so  powerful  in  their  action 
on  the  human  body,  are  developed  ;  and  as  to  the  circum- 
stances by  which  their  activity  is  increased,  and  their  effect 
on  the  living  body  A'^ariously  modified. 

I.  The  whole  conditions  necessary  to  the  development  of 
the  Malaria  which  excites  Intermittent  and  Remittent  Fe- 
vers in  many  parts  of  the  earth's  surface,  (and  to  so  great 
an  extent,  that  no  other  single  cause  of  mortality  perhaps 
acts  with  equal  effect),  are  certainly  not  known ;  because 
the  disease  is  found  in  some  districts,  where,  judging  from 
the  analogy  of  others,  it  would  not  have  been  expected, 

•  P.  360.  t 
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and  is  absent  from  others,  where  all  the  conditions  that  are 
yet  ascertained  for  its  development  appear  to  exist ;  but 
what  is  usually  observed  is,  that  the  districts  infested  by  it 
are  those  where  water  has  stagnated  for  some  time,  often 
months,  on  the  earth'^s  surface,  and  afterwards  slowly  eva- 
porated under  the  heat  of  the  sun  ;  it  is  only  after  the  eva- 
poration is  somewhat  advanced,  that  the  disease  shews  it- 
self ;  and  it  often  continues  long,  and  with  great  virulence, 
after  the  surface  is  perfectly  dried.  The  putrefaction  of 
animal  or  vegetable  matter  is,  naturally,  a  very  frequent 
concomitant  of  the  process,  by  which  the  Poison  is  thus  de- 
veloped; but  the  facts  stated  by  Chisholm  *,  and  Fefigus- 
SON  -|-,  seem  sufficient  to  shew  that  it  is  not  an  essential 
part  of  the  process. 

The  following  general  facts  appear  so  well  established 
by  observation,  as  to  be  correctly  designated  as  laws  regu- 
lating the  agency  of  this  poison;  and  the  knowledge  of 
these,  as  well  as  of  the  conditions  of  its  development  now 
stated,  may  often  be  effectual  in  preventing  its  ravages. 

1.  Its  virulence  appears  to  be  nearly  in  proportion  to  the 
intensity  of  the  heat,  by  which  the  surface  emitting  it  has 
been  dried.  The  Intermitting  Fever  of  northern  Europe, 
the  Remitting  Fever  of  the  Mediterranean,  and  the  Yellow 
Fever  of  the  West  Indies,  are  produced  in  circumstances  in 
all  respects  similar,  except  as  to  the  intensity  of  the  heat ; 
the  worst  fevers  of  the  tropical  climates  are  nearly  confined 
to  a  moderate  elevation  above  the  level  of  the  sea;  and 
at  the  same  time  when  they  are  prevailing  in  the  low 
grounds,  the  common  remittent  fevers  are  often  prevalent 
in  the  neighbourhood  of  marshes  a  few  hundred  feet  higher. 
The  greater  heat  of  certain  seasons,  and  the  more  complete 
evaporation  of  stagnant  water,  seem  to  be  powerful  causes 
of  the  greater  prevalence  and  malignity  of  fevers  of  this 
class ;  but  it  must  be  allowed,  that  unusually  virulent  epi- 
demics occasionally  occur,  for  which  no  such  known  cause 
can  be  assigned. 

•  See  Edin.  Med.  &  Surg.  Journal,  vol.  vi. 

+  On  Marsh  Poison.    Edin.  Phil.  Trans,  vol.  ix. 
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2.  The  poison  does  not  appear  to  diffuse  itself  readily 
through  the  air,  nor  to  rise  high  above  the  surface  emitting 
it ;  the  inhabitants  even  of  the  ground-floor  of  a  house  in  a 
malarious  district  being  often  affected  in  a  much  larger 
proportion  than  those  of  the  upper  stories. 

3.  Although  the  heat  of  the  sun  appears  to  be  one  of  the 
conditions  of  the  development  of  the  poison,  yet  its  imme- 
diate effect  on  the  poison  that  has  been  already  evolved, 
seems  to  be  to  dissipate  and  dilute  it,  for  it  is  much  more 
dangerous  to  visit  the  most  malarious  spots  at  night  than  at 
noon-day. 

4.  The  poison  appears  evidently  to  be  wafted  along  the 
earth's  surface  by  winds ;  for  the  disease  prevails  much 
more,  where  the  trade-winds  blow,  to  the  leeward  than  to 
the  windward  of  marshes. 

5.  It  appears  to  be  absoi'bed  or  neutralized  by  passing 
over  water, — ships  having  been  observed  to  remain  quite 
healthy  within  1000  yards  of  shores,  even  to  windward  of 
tliem,  where  the  disease  was  very  prevalent. 

6.  It  appears  to  attach  itself  particularly  to  spreading 
trees ;  on  which  account  woods  and  groves  are  particularly 
dangerous  in  malarious  countries ;  and  again,  when  these 
intervene  between  a  marsh  and  a  town  or  village,  they  of- 
ten appear  to  afford  it  protection. 

7.  Its  development,  or  its  virulence,  appears  to  be  much 
diminished  by  the  cultivation  and  habitation  of  waste  lands, 
even  although  they  be  occasionally  flooded ;  and  it  has  often 
been  found  to  increase  suddenly  and  greatly,  when  fertile 
lands  have  been  laid  waste. 

8.  It  affects  very  differently  the  permanent  inhabitants 
and  the  occasional  visitors  of  the  districts  where  it  exists ; 
the  former  being  very  generally  weakly,  imperfectly  nou- 
rished, and  short  lived,  but  much  less  liable  to  the  fever  it- 
self than  the.  latter. 

9-  In  the  hot  climates  there  is  an  equally  striking  dif- 
ference between  the  white  and  black  varieties  of  the  hu- 
man race  as  to  their  liability  to  the  effect  of  the  malaria ; 
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tl)G  blacks,  even  when  healthy  and  robust,  suflfering  from  it 
comparatively  little, 

10.  In  all  climates,  this,  like  other  causes  of  acute  dis- 
ease, acts  with  peculiar  force  on  those  whose  bodily  strength 
is  at  the  time  unusually  depressed,  whether  by  fatigue,  in- 
temperance, fasting,  evacuations,  or  mental  emotions ;  and 
whatever  measures  are  effectual  in  permanently  strength- 
ening the  system,  are  found  the  most  useful  in  enabling  it 
to  resist  this  noxious  influence. 

11.  In  those  who  have  certainly  imbibed  the  poison  pro- 
ducing these  fevers,  it  appears  very  generally  to  lie  latent 
for  a  considerable  length  of  time  before  the  effect  results. 
In  some  cases,  in  this  climate,  it  is  quite  certain  that  this 
latent  period  may  not  be  less  than  four  months. 

12.  What  was  formerly  said  of  the  "frequent  concurrence 
of  the  more  general  causes  of  disease,  such  as  cold,  intem- 
perance, or  any  cause  disordering  the  stomach,  with  the 
special  cause  of  certain  diseases,  is  strictly  applicable,  as 
many  observations  prove,  to  the  action  of  malaria  in  pro- 
ducing intermittent  or  remittent  fevers ;  and  by  the  appli- 
cation of  such  causes,  intermitting  fevers  are  often  repro- 
duced, more  or  less  perfectly,  in  persons  who  have  pre- 
viously suffered  from  them,  but  have  not  lately  been  ex- 
posed to  the  malaria. 

In  regard  to  the  disputed  question.  Whether  all  the 
worst  epidemic  fevers  of  hot  climates  can  be  referred  to  the 
agency  of  this  cause,  or  whether  there  exist,  occasionally, 
in  these  climates,  fevers  of  peculiar  malignity,  which  ai'e 
propagated  by  Contagion, — it  may  be  held  to  be  established, 
that  the  cause  of  intermittent  and  remittent  fevers  does 
sometimes  act  with  such  intensity  as  to  produce  both  a 
XGvf  unusual  extension  of  disease,  and  all  the  worst  symp- 
toms, and  the  rapid  and  great  mortality,  of  the  most  malig- 
nant form  of  fever ;  and  farther,  that  in  by  far  the  greater 
number  of  cases  *,  where  malignant  epidemics,  in  the  hot 
climates,  have  been  supposed  to  be  imported  from  a  dis- 

.  •  See  Chervin,  Examen  des  Principes  de  I'Administration  en  Matiere 
Sanitaire.    Paris,  1827. 
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tance,  their  origin  has  really  been  proved  to  be  indigenous ; 
and  must  be  ascribed,  therefore,  to  the  unusual  efficiency 
of  the  causes  of  fever  previously  existing  in  the  districts. 
There  is  good  reason  to  believe  also,  that  even  the  worst 
epidemic  fevers  of  hot  climates,  are  always  subjected  to  the 
same  law  as  the  common  remittent  fevers,  of  existing  only 
within  certain  limits. 

But  from  all  this  it  does  not  necessarily  follow,  that  the 
extension  of  these  epidemic  fevers,  or  even  that  their  origin, 
in  certain  spots,  may  not  be  the  effect  of  contagion :  For 
although  it  may  seem  improbable,  a  priori,  that  a  disease 
should  spread  in  two  distinct  ways,  and  although  we  may 
not  expect,  that  one  which  results  from  a  cause  existing  in 
the  atmosphere,  should  also  be  propagated,  in  part,  by  com- 
munication between  individuals, — yet  no  such  speculative 
opinions  can  be  allowed  to  invalidate  the  direct  and  obvious 
conclusion  from  facts  (of  which  several  have  been  record- 
ed), which  indicate  that,  in  some  of  the  places  where  these 
epidemic  feA'^ers  have  prevailed,  those  who  have  had  close 
intercourse  with  the  sick,  have  become  themselves  affected 
in  a  much  larger  proportion  than  others  who,  in  all  other 
respects,  were  similarly  circumstanced. 

II.  In  regard  to  Contagion  as  a  cause  of  continued  fever, 
we  shall  first  state  what  has  been  ascertained  of  the  laws  ac- 
cording to  which  the  propagation  of  fever,  by  contagion, 
takes  place  (and  which  are  found  to  apply,  in  some  measure, 
to  the  other  febrile  contagious  diseases) ;  and  afterwards  we 
shall  consider  the  question.  Whether  another  origin  can,  in 
any  circumstances,  be  assigned  for  these  diseases? 

1.  The  extension  of  continued  fever,  in  any  community, 
is  in  general  proportioned,  as  may  naturally  be  expected, 
to  the  frequency  and  closeness  of  intercourse  of  the  healthy 
with  the  sick,  and  therefore  to  the  crowding,  and  deficient 
ventilation,  of  the  rooms  which  they  inhabit;  but  in  diffe- 
rent seasons,  it  takes  place  with  very  various  rapidity,  in- 
dependently of  the  application  of  any  causes  which  are 
known  to  affect  it ;  and  from  this  varying  diffusibility,  as 
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well  as  from  the  varying  character  and  malignity  of  the 
disease  (already  noticed),  it  may  be  inferred  that  the  con- 
tagious poison  itself,  as  developed  in  the  human  body,  is 
liable,  from  time  to  time,  to  a  certain  degree  of  change. 

2.  The  contagious  matter,  arising  from  the  bodies  of  the 
sick,  appears  to  be  readily  diffused  through  the  air,  and  to 
lose  its  poisonous  quality  by  dilution ;  so  that,  at  the  dis- 
tance of  twenty  or  thirty  yards,  air  which  has  passed  over 
the  bodies  of  persons  ill  of  continued  fever,  is  found  to  be 
innocuous.  The  contagious  effluvia  from  smallpox,  and 
perhaps  still  more  from  measles,  appear  to  be  more  viru- 
lent than  those  from  continued  fever ;  and  it  would  appear 
that  the  poison  of  the  plague,  as  arising  from  the  bodies  of 
the  sick,  is  confined  within  narrower  limits  than  that  of 
any  of  these  diseases. 

3.  There  is  good  evidence  of  the  contagious  poison  of 
continued  fever  (and  of  the  eruptive  fevers  also),  often  at- 
taching itself  to  fomites  (clothes,  furniture),  &c.  and  acting 
on  persons  to  whom  it  is  thus  applied  at  the  end  of  weeks, 
or  perhaps  of  months. 

4.  It  seems  certain,  that  the  Contagious  Poison  produ- 
cing any  of  these  diseases,  is  rendered  innocuous  by  a  tem- 
perature of  120°  of  Fahrenheit  *.  It  has  been  observed,  that 
intense  atmospherical  heat  (though  considerably  below  this 
point)  has  repeatedly  checked  the  diffusion  of  plague,  and 
of  small  pox  ;  and  the  continued  fever  of  this  climate  is  very 
generally  observed  to  abate  in  frequency  in  summer  weather, 
and  appears  neai'ly  incapable  of  spreading  by  contagion 
within  the  tropics. 

5.  Diseases  proceeding  from  these  contagious  poisons 
differ  from  the  fever  excited  by  malaria  in  this  important 
particular,  that  the  susceptibility  of  them  is  much  diminish- 
ed by  their  being  once  excited  in  the  system.  This  does 
not  confer  certain  immunity  in  the  case  even  of  the  erup- 
tive fevers ;  and  there  are  many  cases  of  continued  fever 
affecting  the  same  person  twice  or  even  thrice ;  but  there 

•  See  Hekrt  in  Philosophical  Magazine,  1032. 
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is  certainly  a  great  diminution  of  susceptibility  in  all  these 
cases. 

6.  Young  persons  are  certainly  more  susceptible  of  these 
contagious  febrile  diseases  than  persons  advanced  in  life; 
but  the  symptoms  are  very  generally  worse,  and  the  ten- 
dency to  spontaneous  recovery  is  much  less  strong,  in  ad- 
vanced than  in  early  life. 

1.  The  susceptibility  of  the  disease  (in  the  case  of  con- 
tinued fever  in  particular)  is  very  much  increased  by  many 
causes  that  depress  the  vis  vita3  at  the  time,  by  fasting 
or  low  diet,  by  cold  long  applied,  by  foul  or  vitiated  air, 
and  by  mental  depression,  timidity,  or  anxiety,  as  in  the 
case  of  besieged  cities,  communities  suflPcring  peculiarly 
from  famine  and  poverty,  beaten  armies  (especially  after 
the  excitement  of  military  operations  is  quite  over) ;  or  in 
that  of  dispirited  bodies  of  men  for  military  or  naval  ser- 
vice, or  of  strangers  from  the  country  in  their  first  resi- 
dence in  large  towns. 

8.  After  any  of  these  poisons  have  been  imbibed,  they 
very  generally  lie  latent  in  the  constitution  for  a  certain 
length  of  time,  before  producing  their  specific  effects ;  and 
in  the  case  of  continued  fever  this  time  is  so  various,  and 
the  eflScacy  of  concurrent  and  accessory  causes  (especial- 
ly of  exposure  to  cold)  in  exciting  the  disease,  after  the 
application  of  the  contagion,  is  so  obvious  aiid  striking, 
that  it  appears  quite  reasonable  to  suppose,  that  where 
these  causes  are  carefully  avoided,  many  cases  of  the  dis- 
ease, which  would  otherwise  have  occurred,  may  be  averted. 

9.  Although  it  must  always  be  remembered,  that  there 
are  great  varieties,  both  as  to  indi\idual  cases,  and  as  to 
the  general  character  of  epidemics,  for  which  we  can  aS' 
sign  no  cause,  yet  various  facts  have  been  ascertained,  as 
to  the  effects  of  concurrent  or  accessory  causes,  in  not  mere- 
ly favouring  the  accession,  but  determining  the  form  or  va- 
riety, of  continued  fever  in  individuals,  particularly  the  fol- 
lowing. 

a.  The  Nervous  or  atactic  form  of  fever  (which  is  per- 
haps the  most  generally  dangerous  to  adults  in  this  country) 
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is  remarkably  more  frequent  in  tliose  in  whom  the  Ner- 
vous System  lias  been  recently  much  excited,  as  by  much 
muscular  exertion,  by  excessive  study,  by  mental  agitation 
or  anxiety,  by  venereal  excesses,  or  by  intemperance,  espe- 
cially the  use  of  strong  liquors.  In  many  of  this  last  class, 
the  nervous  symptoms  in  fever  take  very  much  the  form  of 
the  delirium  tremens  of  drunkards. 

h.  The  symptoms  of  fever  are  often  modified  by  preced- 
ing disease,  and  especially,  if  there  has  been  recently  any 
local  inflammation,  the  symptoms  of  that  local  disease  are 
very  often  re-excited,  although  in  a  somewhat  modified  form. 
On  the  other  hand,  a  chronic  disease  already  existing,  at 
least  if  it  be  one  which  is  attended  with  febrile  excitement 
(such  as  phthisis)  seems  to  be  to  a  certain  degree  (although 
not  uniformly)  a  protection  against  attacks  of  fever. 

c.  The  concomitant  local  affections,  if  not  the  proper 
symptoms  of  fever,  are  remarkably  modified  by  the  weather 
and  season  of  the  year,  i.  e.  by  the  causes  of  local  disease 
which  are  apt  to  take  effect  on  the  body  along  with,  or  af- 
ter the  application  of,  the  poison.  In  winter  and  spring,  the 
symptoms  are  stated  to  be  generally  more  inflammatory, 
and  the  complication  of  fever  with  bronchitis  or  pneumonia 
is  certainly  more  frequent ;  in  autumn  the  concomitant  af- 
fections of  the  stomach,  and  especially  of  the  intestines,  are 
chiefly  observed.  Violent  affection  of  the  brain,  in  the 
more  inflammatory  form  of  fever,  is  remarkably  observed 
in  hot  climates,  and  sometimes  in  the  hottest  season  of  this. 

d.  There  is  a  remarkable  difference  in  the  most  general 
form  of  fever,  according  as  the  patients  are  placed  in  cool 
well  aired  rooms,  or  confined  in  a  close  warm  and  vitiated 
temperature.  It  is  very  doubtful  whether  the  mortality  is  so 
much  less  in  the  former  case,  as  has  been  represented  by 
some ;  but  in  that  case,  the  pulse  is  generally  firmer,  the 
fever  less  typhoid,  and  the  danger  more  dependent  on  com- 
plication with  local  affections,  and  consequent  protraction 
of  the  disease;  and  in  the  latter  case  the  typhoid  symp- 
toms are  more  frequent  and  more  urgent  *. 

"  See  Batemak  on  Contagious  Fever  p.  135. 
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It  has  been  already  stated,  that  continued  fever,  although 
rare  in  some  seasons,  and  prevailing  epidemically  in  others, 
is  still,  to  a  greater  or  less  extent,  so  much  more  uniformly 
present  in  every  large  community,  than  any  of  the  other  dis- 
eases, which  we  ascribe  to  a  local  and  temporary  cause, 
that  we  may  reasonably  suspect  it  to  originate  occasionally 
from  some  circumstances  of  more  genei'al  and  permanent 
existence.  And  in  confirmation  of  this  it  may  be  obser- 
ved, Jirst,  that  continued  fever  often  breaks  out  in  situa- 
tions where  the  application  of  the  contagious  poisons,  whe- 
ther by  persons  or  families,  not  only  cannot  be  traced,  but 
appears  improbable ;  and  secondly,  that  circumstances  may 
be  stated,  in  which  the  appearance  of  this  disease,  inde- 
pendently of  any  perceptible  application  of  contagion,  may 
be  reckoned  on,  with  almost  absolute  certainty;  e.  the 
combination  of  deficient  nourishment,  foul  air,  and  mental 
depression,  consequent  on  the  reception  of  a  beaten  army 
into  a  small  town,  or  on  a  large  town  long  kept  in  a  state 
of  siege,  or  on  a  scarcity  befalling  an  already  impoverished 
country.  In  these  circumstances  it  appears  highly  probable, 
that  the  circumstances  of  predisposition  above  stated  ai-e 
adequate,  not  only  to  the  extensive  diffusion,  but  even  to 
the  genei'ation  in  a  few  individuals,  of  the  disease  which  is 
afterwards  propagated  by  contagion.  But  to  which  of  these 
circumstances  of  predisposition,  the  occasional  spontaneous 
origin  of  the  disease  may  with  most  probability  be  ascribed, 
is  still  uncertain.  The  vitiation  of  the  atmosphere  by  pu- 
trescent animal  or  vegetable  substances,  or  by  crowded  hu- 
man beings,  has  been  supposed  to  be  a  sufficient  cause;  but 
so  many  instances  have  been  collected  by  Dr  Bancroft, 
Dr  Chisholm,  and  others,  of  these  causes  being  fully  ap- 
plied without  any  such  effect,  that  we  must  set  aside  that 
hypothesis  ;  and  perhaps  we  may  assert  that  long  continu- 
ed mental  depression  and  anxiety,  during  youth  especially, 
bas  been  assigned  with  more  probability  than  any  other 
cause,  for  the  spontaneous  generation  of  continued  fever  *. 

•  See  CnEVNE  and  Maush  in  Dublin  Hospital  Eeports,  vol.  iv. 
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SECTION  IV. 

OF  THE  PROXIMATE  CAUSE  OF  IDIOPATHIC  FEVERS,  AND 
OF  THEIR  FATAL  TERMINATIONS. 

Referring  to  what  was  formerly  said  (p.  428.)  of  the 
limitations  which  Nature  imposes  on  all  explanations  of  na- 
tural phenomena,  we  hold  it  to  be  unreasonable  to  expect, 
that  we  shall  ever  go  far  in  explaining  the  peculiar  pheno- 
mena of  Fever ;  we  look  chiefly  for  the  determination  of 
ultimate  facts  or  principles,  relative  to  the  action  of  its  re- 
mote causes  on  the  living  body. 

The  first  question  here  is,  whether  the  term  Idiopathic 
be  in  reality  correctly  applied,  or  whether  we  can  explain 
all  the  phenomena  that  have  been  now  described  by  refer- 
ence to  a  principle  already  explained,  viz.  the  effect  of  lo- 
cal Inflammation  in  exciting  the  constitutional  fever  which 
was  described,  and  the  known  varieties  of  which  were  con- 
sidered. 

In  treating  of  this  question,  we  may,  in  the  first  place, 
refer  to  facts  already  stated,  as  to  the  history  of  fevers. 

Taking  for  granted  that  what  we  have  called  Idiopathic 
Fevers  may  be  distinguished,  in  almost  all  cases  where 
their  whole  progress  is  observed,  by  the  marks  formerly 
enumerated, — that  the  marks  of  local  inflammation  attend- 
ing them,  both  during  life  and  after  death,  are  often  slight 
and  sometimes  absent, — that  their  symptoms  have  very  ge- 
nerally more  or  less  of  the  chaActer  to  which  we  gave  the 
name  of  Typhoid, — that  they  have  a  peculiar  tendency  to 
spontaneous  favourable  changes,  even  from  very  unfavour- 
able circumstances, — and  when  they  do  so  terminate  favour- 
ably, seldom  leave  behind  them  such  organic  diseases  as 
most  frequently  follow  cases  of  decided  inflammation  left  to 
nature, — and  that  these  fevers  occur  generally  in  epidemics^ 
are  at  times  nearly  absent,  for  a  long  time,  even  from  large 
communities,  and  appear  certainly  to  depend,  for  the  most 
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part,  on  causes  of  local  and  temporary  operation  ; — we  re- 
gard all  these  circumstances  in  their  history  as  affording 
very  strong  presumption,  that  they  are  specifically  distinct 
from  the  strictly  inflammatory  diseases,  and  cannot  be 
ascribed  to  inflammatory  action  as  their  cause.  And  the 
following  considerations  may  be  stated  in  farther  confirma- 
tion of  this  doctrine. 

I.  The  peculiarities  of  the  occasional  and  local  produc- 
tion, and  introduction  into  the  system,  of  the  exciting 
causes  of  fevers,  and  of  the  characteristic  depressing  agency 
on  vital  action,  which  attends  idiopathic  fever,  evidently 
assimilate,  in  some  degree,  this  form  of  disease  to  the 
agency  of  poisons.  Now,  it  appears  from  what  was  stated 
formerly  in  regard  to  all  such  poisons  as  act  gradually,  and 
must  be  absorl)ed  into  the  system  before  they  take  effect, 
that  although  they  may  excite  local  inflammation,  yet  they 
have  always  a  general  effect,  and  usually  a  depressing  ef- 
fect, on  vital  action,  whether  of  the  nervous  or  vascular 
system,  independent  of  that  local  agency.  From  this  there 
arises  a  manifest  presumption  that  the  agency  of  malaria  and 
of  contagion,  in  producing  fever,  will  in  like  manner  be, 
in  part  at  least,  exerted  on  the  system  at  large,  and  inde- 
pendently of  local  inflammation,  or  mere  alteration  of  the 
distribution  of  the  blood. 

II.  Although  it  is  freely  admitted  that  appearrfhces  indi- 
cating inflammation  are  very  frequently  found  after  fatal 
fever,  yet  the  facts  already  stated  as  to  the  morbid  anatomy 
of  fever  justify  our  maintaining,  first.  That  all  such  ap- 
pearances are  sometimes  absent ;  secondly,  That  the  indi- 
cations of  inflammation,  found  in  the  different  parts  above 
enumerated  after  fever,  are  A'^ery  generally  somewhat  dif- 
ferent from  those  which  are  found  after  inflammations 
of  the  same  parts  excited  simply  by  cold,  and  unconnect- 
ed with  the  peculiar  symptoms  of  fever;  which  implies 
the  action,  in  cases  of  fever,  of  a  peculiar  cause,  distinct 
from  inflammation  ;  and,  thirdly,  That  the  appearances  of 
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inflammation,  found  after  fever,  are  very  often  quite  in- 
adequate to  explain  the  fatal  event,  on  the  principles  for- 
merly stated  as  to  the  fatal  terminations  of  inflammatory 
diseases. 

It  is  plain  that,  in  order  to  prove  that  fever  depends  es- 
sentially on,  and  is  fatal  by  reason  of,  the  attendant  in- 
flammation, it  is  necessary  to  shew,  not  only  that  such  at- 
tendant inflammation  exists,  but  that  its  nature  and  situa- 
tion are  such  as  to  obstruct  some  function  necessary  to 
life, — or  at  least  such  as  are  found,  in  other  cases,  incompa- 
tible with  life.  If  therefore,  we  find  after  fatal  fevers  (cha- 
racterized by  typhoid  symptoms),  marks  of  inflammation  in 
certain  organs,  but  these  in  a  degree  much  less  than  those 
which  we  arc  accustomed  to  find,  where  the  same  parts 
have  been  inflamed,  but  the  characteristic  typhoid  symp- 
toms not  shewn  themselves,  we  are  not  entitled  to  infer  that 
the  inflammation  in  the  former  case  was  the  cause  of  death. 

Now,  the  effects  and  indications  of  inflammation,  found 
after  fatal  fevers,  and  already  described,  are  generally  mwcA 
less  than  what  we  are  accustomed  to  observe  in  those  cases 
of  inflammation  of  the  same  parts,  which  are  unconnected 
with  malaria  or  contagion,  and  unattended  with  typhoid 
symptoms;  and  frequently  all  that  is  seen  indicates  only 
congestion  of  blood,  which  can  hardly  be  held  to  be  a  suffi- 
cient cause  for  death,  if  existing  alone,  any  where  but  in 
the  brain,  or  at  the  origins  of  the  nerves. 

Even,  therefore,  where  the  evidence  of  inflammation,  or 
irregular  distribution  of  blood,  having  existed  during  fever, 
is  held  to  be  decisive,  the  proof  of  these  having  existed  to  a 
degree  which  can  be  reasonably  considered  adequate  to  the 
explanation  of  the  fatal  event,  is  very  often  essentially  de- 
fective. 

III.  Not  only  the  fatal  event,  but  the  chief  peculiarities 
of  the  symptoms,  of  the  diseases  described  under  the  name 
of  Idiopathic  Fevers,  are  very  often  inadequately  explained 
by  reference  to  any  of  the  known  phenomena  and  effects  of 
inflammation. 
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The  different  authors  who  ascribe  fevers  to  inflammation 
as  their  cause,  are  not  agreed  as  to  the  organ  in  which  that 
inflammation  must  reside;  which  circumstance  is  of  itself 
a  presumption  against  their  common  doctrine.  But  there 
is  no  locality  which  can  be  assigned  to  the  inflammation 
attending  fever,  which  can  explain,  by  reference  to  the 
known  effects  of  inflammation  in  other  cases,  many  of  the 
typhoid  symptoms  of  fever. 

The  pretex'naturally  fluid  state  of  the  blood,  which  is  A'ery 
often,  although  perhaps  not  uniformly  observed,  certainly 
cannot  be  explained  thus.  The  enfeebled  state  of  the  cir- 
culation in  typhoid  fever  has  been  thought  by  some  to  be 
suflSciently  explained  by  the  known  sedative  effect  of  in- 
flammation of  the  intestines  on  the  heart's  actions;  but,  be- 
sides that  there  are  many  cases  of  truly  adynamic  fcA'er, 
where  no  distinct  traces  of  intestinal  inflammation  can  be 
detected,  the  two  cases  are  very  different ; — the  depressed 
state  of  the  circulation  in  cases  of  inflamed  intestines  being 
preceded  by  much  moi*e  decided  local  symptoms  than  we 
see  in  fever,  and  being  neither  attended  with  the  cutaneous 
heat  of  fever,  nor  with  the  foul  dry  tongue  and  lips  of  fe- 
A'er,  nor  with  the  nervous  symptoms  of  fever,  nor  mth  the 
strong  salutai-y  tendency  of  fever.  And  although  some  of 
the  symptoms  produced  by  inflammation  of  the  brain  re- 
semble the  nervous  symptoms  of  many  cases  of  fever,  yet 
in  simply  inflammatory  cases,  there  are  more  sudden  and 
violent  attacks  of  pain, — there  are  very  generally  sickness 
and  vomiting, — there  is  at  one  period  of  the  disease  slowness 
or  irregularity  of  pulse, — the  delirium  is  of  a  different  cha- 
racter,— there  is  less  stupor  in  the  early  stages,  and  the 
stupor  in  the  later  stages  is  attended  very  generally  with 
dilated  pupil,  squint," blindness,  or  double  vision,  and  is 
much  more  uniformly  fatal,  than  in  the  fevers  described  as 
idiopathic. 

Farther,  the  appearances  indicating  inflammation,  which 
are  found  after  death  by  fever,  are  in  many  >cases  observed 
to  correspond,  not  to  any  of  the  symptoms  of  the  earlier 
periods  of  the  fever,  but  to  symptoms  wliich  presented 
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themselves  only  recently  before  death;  so  that  the  period  of 
accession,  as  well  as  the  nature  and  degree  of  the  inflam- 
mation, that  can  be  ascertained  to  exist  during  the  fever,  is 
inconsistent  with  the  supposition  of  all  the  symptoms  de- 
pending upon  it. 

In  farther  proof,  that  the  characteristic  symptoms  of  fe- 
ver are  not  explained  by  the  inflammations  which  may  ac- 
company it,  we  should  observe,  that  there  are  various  cases, 
formerly  noticed,  besides  that  now  in  question,  in  which 
inflammation  is  attended  with  typhoid  fever ;  e.  g.  the  case 
of  inflammation  from  an  injury  attended  with  violent  con- 
cussion, the  case  of  inflammation  and  purulent  effusion  in  a 
vein,  the  case  of  inflammation  from  a  poisoned  wound,  or 
from  epidemic  erysipelas,  or  other  exanthematous  disease, 
or  puerperal  fever  ;  and  in  every  one  of  these,  it  is  obvious 
that  the  system  is  subjected  to  the  influence,  not  only  of 
a  local  inflammation,  but  also  of  a  cause  acting  generally 
on  the  body,  as  we  suppose  the  poison  of  what  we  call  Idio- 
pathic Fever  to  do. 

And  if  the  local  inflammation,  which  can  be  ascertained 
to  take  place  during  fever,  is  inadequate  to  explain  the  cha- 
racteristic typhoid  symptoms,  it  is  equally  in  vain  to  seek 
an  explanation  of  these  symptoms,  as  some  have  done,  in 
the  mere  circumstances  of  irregular  distribution  and  con- 
gestion of  blood. 

Even  the  peculiarities  of  that  form  of  fever  which  has 
been  described  under  the  name  of  Congestive  (p.  486.)  are 
not  to  be  explained  by  the  mere  circumstance  of  internal 
congestion,  the  existence  of  which,  in  the  vessels  and  espe- 
cially in  the  veins  of  internal  parts,  in  these  circumstances 
is  admitted.  For  although  congestion  or  stagnation  of 
blood  within  the  cranium  may  b^  held  to  be  a  sufficient 
cause  of  stupor,  yet  we  are  so  far  from  regarding  conges- 
tion in  the  great  veins  leading  to  the  heart,  as  a  suflfii- 
cient  cause  for  deficient  action  there,  and  consequent  feeble 
pulse  and  cold  skin,  that  we  have  already  stated,  (see  p. 
445.),  the  accumulation  of  blood  in  the  great  veins  to  be 
,  apparently  the  chief  cause  of  the  increased  action  of  the 
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heart,  or  the  reaction,  in  the  more  usual  form  of  fever.  In 
the  cases,  therefore,  where  the  congestion  in  the  great  veins 
fails  to  excite  this  reaction  in  the  heart,  some  peculiar 
cause  must  have  operated,  to  prevent  the  heart  from  be- 
ing unusually  excited  by  the  application  of  the  unusual 
quantity  of  its  natural  stimulus;  i.  e.  the  circumstance  of 
a  congestion  in  the  great  veins,  greater  and  more  perma- 
nent than  is  usual  in  the  commencement  of  fever,  is  in  all 
probability  the  effect,  not  the  cause,  of  a  peculiar  sedative 
influence  affecting  the  vascular  system ;  which  will  natu- 
rally lead  to  accumulation  of  blood  in  the  great  veins,  for 
the  same  reason  that  determines  the  accumulation  there  af- 
ter death. 

That  congestion  of  blood  in  the  great  veins  is  not  per  se 
adequate  to  account  for  the  phenomena  of  any  form  of 
fevei",  appears  distinctly  from  the  fact,  that  no  form  of  fever 
follows  the  great  congestion  there  in  cases  of  suspended  ani- 
mation in  syncope,  or  from  extreme  cold,  or  submersion  in 
water. 

IV.  That  what  we  called  Idiopathic  Fever  cannot  justly 
be  regarded  as  the  effect  of  the  inflammations  often  attend- 
ing it,  appears  farther  ftom  a  very  sufficient  experience  of 
the  juvantia  and  Icedentia,  particularly  from  what  is  well 
ascertained  of  the  effect  of  evacuations  on  the  one  hand, 
and  of  stimulating  remedies  on  the  other,  in  this  disease,  as 
compared  with  the  cases  that  are  acknowledged  to  be  sim- 
ply inflammatory.  For  after  making  allowance  for  the 
sources  of  fallacy  necessarily  attending  such  observations, 
we  may  assert  that  experience  has  fully  establislied  the  fol- 
lowing points. 

1.  That  in  the  strictly%iflammatory  diseases,  evacuations 
of  blood  are  of  the  utmost  use  in  the  early  stages,  all  other 
remedies  comparatively  ineflScient,  and  stimulant  remedies 
decidedly  hurtful  in  all  but  the  latest  stage. 

2.  That  in  the  cases  described  as  idiopathic  fever,  even 
although  symptoms  of  local  inflammation  be  present,  the 
amount  of  evacuation  which  it  is  safe  to  practise  on  ac-. 
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count  of  these  is  much  less  than  in  the  former  case;  that 
its  beneficial  effect  is  less  decided, — the  local  symptoms 
being  seldom  so  effectually  subdued,  and  the  general,  es- 
pecially the  typhoid  symptoms,  being  seldom  improved,  and 
sometimes  evidently  aggravated  by  loss  of  blood  ;  that  the 
tendency  to  a  spontaneous  favourable  termination  is  much 
stronger;  and  that  even  when  indications  of  recent  local 
inflammation  exist,  decided  benefit  may  often  be  obtained 
from  the  use  of  stimulants,  under  which  the  pulse  may  im- 
prove, and  the  typhoid  symptoms  of  general  fever  abate, 
without  the  local  affection  being  materially  or  even  per- 
ceptibly aggravated. 

It  is  also  ascertained  by  sufficient  experience,  that  the 
inflammatory  symptoms  are  more  urgent,  and  evacuations  in 
general  much  better  borne  in  some  epidemics  of  continued 
fever ;  and  that  in  others  the  indications  of  debility  of  the 
Avascular  system  are  more  permanent,  and  stimulants  more 
generally  useful ;  while  no  such  differences  are  observed  as 
to  the  strictly  inflammatory  diseases  in  different  seasons. 

These  statements  seem  sufficient  to  shew,  that  it  is  a  limit- 
ed and  hasty  view  of  the  phenomena  and  history  of  Fevers, 
which  has  suggested  the  opinion  of  their  being  resolvable 
into  the  cons,titutional  effects  of  the  Inflammations,  or  local 
determinations  and  congestion  of  blood,  which  can  be  ascer- 
tained to  attend  them ;  and  that  we  may  now  safely  apply 
the  term  Idiopathic  as  expressing  the  belief  of  an  essential 
distinction  existing  between  these  fevers,  and  those  that 
were  formerly  described  as  resulting  from  local  inflamma- 
tion. 

At  the  same  time,  the  strong  similarity  or  coincidence  in 
many  respects,  of  the  essential  symptoms  of  the  symptoma- 
tic and  the  idiopathic  fever,  must  always  be  regarded  as  a 
leading  fact  in  reference  to  the  pathology  of  the  latter. 

But  in  idiopathic  fevei',  not  only  is  a  diseased  action 
excited  throughout  the  system,  similar  to  that  which  lo- 
cal inflammation  can  excite,  but  the  system  is  at  the  same 
time  under  the  influence  of  a  cause,  which  acts  on  it  nearly 
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after  tlic  manner  of  a  Poison  ;  which  we  know,  from  the 
history  of  the  disease,  to  be  probably  engendered  occasion- 
ally within  the  system  itself,  but  to  be  more  frequently  ab- 
sorbed from  without ;  and  which  takes  effect,  as  poisons  do, 
only  for  a  time,  and  then  loses  its  power.  In  regard  to 
this  morbific  cause,  which  both  excites  and  gives  the  pe- 
culiar character  to,  the  febrile  actions,  several  questions 
present  themselves. 

I.  It  may  be  questioned,  whether  the  effect  on  the  Ner- 
vous System,  essential  to  fever,  is  produced  directly  by  the 
external  cause  of  fever,  or  whether  that  cause  first  works  a 
change  on  the  blood,  and  through  its  intervention  affects 
the  brain  and  nerves. 

It  is  plain,  that  the  blood  is  changed,  at  least  as  to  its 
power  of  coagulation,  in  most  cases,  and  perhaps  it  may  be 
so  in  all  cases  of  idiopathic  fever.  But  a  similar  change  as 
to  that  property  may  be  produced  in  it,  by  causes  acting  in 
the  first  instance  on  the  Nervous  System;  and  this  fact, 
tlierefore,  does  not  indicate  the  part  of  the  system  which  is 
primarily  affected  in  fever. 

Reasons  which  appear  satisfactory  may  be  given  against 
the  supposition  of  many  of  the  older  pathologists,  that  fever 
essentially  and  exclusively  consists  in  a  certain  change  in 
the  blood  (quae  prsesens  morbum  facit,  sublata  tollit,  mu- 
tata  mutat);  and  in  particular,  two  facts  already  stated 
seem  decisive  against  that  theory,  viz.  1.  That  after  the 
morbific  cause  has  been  applied  to  the  blood,  it  may  de- 
pend, as  we  believe,  on  causes  acting  on  the  Nervous  Sys- 
tem only,  whether  or  not  it  shall  produce  its  specific  ef- 
fect ;  and  2.  That  even  after  that  specific  effect  has  been 
produced,  and  the  febrile  actions  begun,  they  may,  in  a  few 
instances,  be  arrested  by  means  (such  as  the  cold  affusion) 
which  neither  evacuate  any  part  of  the  blood,  nor  alter  its 
composition. 

But  it  may  still  be  thought,  that  the  remote  cause  of 
fever  does  not  produce  its  eflfcct  by  merely  once  impressing 
the  Nervous  System,  or  other  living  solids  ;  but  that  it 
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must  necessarily  circulate  for  a  time  in  the  fluids  of  the 
body,  and  perhaps  multiply  itself  in  them,  in  order  that  it 
may  take  effect  on  the  solids.  And  in  favour  of  this  form 
of  the  humoral  pathology  of  fever,  the  following  facts  may 
be  stated. 

1.  Tn  a  great  majority  of  the  cases  in  which  we  see 
typhoid  fever,  we  are  sure  that  some  peculiar  matter,  ge- 
nerally absorbed  from  Avithout,  must  be  contained  in  the 
blood  ;  as  in  the  case  of  fever  from  malaria,  from  contagion, 
(whether  of  simple  fever  or  the  eruptiA'^e  fevers)  from  in- 
flamed veins,  from  animal  poisons  introduced  by  wounds, 
or  from  suppression  of  the  natural  excretion  at  the  kidneys. 

2.  In  all  cases  of  idiopathic  fever,  as  well  as  of  the  erup- 
tive fevers,  an  interval,  which  is  variable  and  often  long, 
necessarily  elapses  between  the  application  of  the  morbific 
cause,  and  the  development  of  the  fever ;  which  is  easily 
understood  on  the  supposition  that  a  change  is  gradually 
wrought  on  the  blood  during  that  interval,  but  not  on  the 
supposition  of  the  poison  acting  simply  on  the  living  so- 
lids. 

3.  In  a  great  majority  of  cases  of  typhoid  fevei',  we 
know  that  a  matter,  similar  in  its  effects  on  the  human 
system,  to  that  which  excited  the  disease,  is  ultimately 
evolved  in  large  quantity  from  the  blood,  making  the  dis- 
ease contagious ;  i.  e.  the  morbific  poison  in  one  way  or  an- 
other is  multiplied  in  the  blood  of  the  living  body. 

It  has  been  naturally  supposed,  by  pathologists  at  diffe- 
rent times,  that  the  frequent  and  rapid  abatement  of  fevers, 
after  critical  evacuations,  is -farther  proof  of  the  doctrine  of 
their  cause  residing  chiefly  in  the  blood ;  and  that  this  mor- 
bific cause  is  really  carried  off  by  these  evacuations.  And 
in  support  of  this  opinion,  it  has  been  stated,  that  when 
putrid  matters,  or  diseased  secretions,  have  been  injected 
into  the  veins  of  animals,  and  excited  febrile  symptoms,  a 
peculiarly  fetid  diarrhoea  has  preceded  the  recovery  from 
these. 

But  when  it  is  considered,  1.  That  copious  or  spontane- 
ous evacuations  (e.  g.  of  sweat)  at  the  critical  periods  of 
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fevers,  often  take  place  without  the  least  good  effect,  if  un- 
attended by  other  marks  of  restoration  of  the  natural  con- 
dition of  the  capillaries ;  2.  That  many  fevers  abate  spon- 
taneously and  perfectly  without  crisis ;  3.  That  the  evacua- 
tion of  poisons  (e.  g.  of  narcotic  poisons)  from  the  body,  is 
not  necessary  to  the  removal  of  their  effects ;  4.  That  in  all 
contagious  diseases,  morbific  effluvia  escape  for  a  long  time 
from  the  body,  without  any  good  effect ;  6.  That  there  is  no 
evidence  of  the  critical  evacuations  possessing  more  conta- 
gious property  than  the  effluvia  which  continually  escape 
without  advantage;  and  lastly,  that  in  smallpox  in  particular, 
experience  has  shown,  that  the  morbific  matter  in  the  pus- 
tules may  be  evacuated  as  quickly  as  it  appears,  without 
benefit,  and  may  be  reabsorbed  into  the  blood  without  in- 
jury;— we  can  hardly  suppose  the  critical  evacuations  to  be 
the  cause  of  the  solution  of  tlie  fever  that  succeeds  them ; 
and  must  rather  regard  them  as  the  sign  of  the  restoration 
of  the  natural  state  of  the  vital  actions  in  the  capillaries  of 
the  body;  whereby  the  excited  action  of  the  heart  is  en- 
abled to  throw  off  an  unusual  quantity  of  secretions  and 
excretions,  and  then  subsides ;  because  the  cause  confining 
the  circulation,  and  therefore  stimulating  the  heart,  has  ceas- 
ed to  operate. 

The  doctrine  of  the  existence  of  a  morbific  matter  in  the 
blood,  therefore,  is  not  supported  by  the  facts  as  to  the  cri- 
tical evacuations,  but  must  be  rested  on  the  other  facts 
above  stated. 

II.  Whether  the  morbific  cause  first  alter  the  fluids  or 
not,  it  is  evident  that  it  affects  the  actions  of  all  the  living 
solids,  whenever  it  excites  fever ;  and  it  may  be  questioned, 
whether  the  first  effect  of  the  morbific  cause  is  exerted 
on  the  Nervous  or  on  the  Vascular  system.  Besides  what 
was  formerly  said  on  this  point  in  treating  of  symptomatic 
fever,  (p.  441.)  the  following  reasons  may  be  given  for  sus- 
pecting that  the  first  action  of  the  cause  of  idiopathic  fever 
is  on  the  nervous  rather  than  the  vascular  system. 

1.  The  nervous  system  is  evidently  more  affected  through- 
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out  the  whole  series  of  morbid  actions,  than  in  the  former 
case,  and  the  first  symptoms  by  which  the  idiopathic  fever 
can  in  general  be  recognised,  are  strictly  affections  of  the 
nervous  system. 

2.  We  have  seen  (p.  330.),  that  when  inflammation  co- 
exists, in  the  living  body,  with  the  effect  of  a  violent  con- 
cussion of  the  brain  and  nerves,  the  fever  that  it  excites 
has  quite  the  typhoid  character. 

3.  We  have  good  reason  to  believe,  that  changes  taking 
place  unquestionably  in  the  nervous  system,  viz.  those  which 
attend  mental  emotions  of  sufficient  duration  and  intensity, 
if  they  have  not  power  (as  it  may  reasonably  be  conjectured, 
that  in  certain  circumstances  they  have)  to  generate  fever, 
have  at  least  such  an  influence  on  its  causes,  as  to  determine 
their  efficiency  or  inefficacy  in  individual  cases;  which  is  of 
itself  a  strong  presumption  in  favour  of  the  belief,  that  the 
primary  action  of  these  causes  is  on  the  nervous  system. 

4.  Besides  these  mental  emotions,  there  are  vai'ious  other 
agents,  formerly  noticed  as  concurrent  and  accessory  causes 
of  fever,  and  by  which  we  have  reason  to  think,  that  the 
development  of  fever,  after  the  poison  has  been  imbibed,  is 
often  determined, — e.  g.  cold,  muscular  exertion,  and  intoxi- 
cating liquors ;  and  the  chief  action  of  all  these  causes  also 
is  on  the  nervous  system. 

5.  There  is  at  least  one  remedy,  of  peculiar  efficacy  in 
counteracting  the  agency  of  one  of  the  causes  of  fever,  i.  e. 
the  Cinchona,  which  produces  no  visible  effect  on  the  vas- 
cular system,  and  the  action  of  which  there  is  reason  to  be- 
lieve, from  what  we  see  of  it  in  other  cases,  to  be  on  the  ner- 
vous system. 

But  whatever  be  the  mode  in  which  the  morbific  cause, 
in  Idiopathic  Fever,  comes  to  affect  the  circulation,  it  is 
to  the  direct  action  of  this  cause,  and  not  to  the  influence 
of  any  local  diseased  actions,  excited  in  the  body,  that  we 
must  ascribe  the  enfeebled  state  of  the  circulation, — the  al- 
tered state  of  the  blood, — the  peculiarly  vitiated  state  of  the 
secretions, — and  in  a  great  measure  also,  the  deranged  state 
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of  the  nervous  system, — which  were  described  as  character- 
istic of  Idiopathic,  and  especially  of  Typhoid  Fever. 

And  there  is  nothing  absurd,  or  inconsistent  with  what 
is  known  of  the  action  of  poisons,  or  of  other  agents  on  tlie 
animal  economy,  in  supposing  that  the  morbific  cause,  af- 
ter existing  some  time,  and  perhaps  multiplying  itself,  in 
the  fluids,  may  act  simultaneously  on  the  constitution  of  the 
blood,  on  the  powers  of  the  heart,  on  the  vital  affinities  in  the 
capillary  vessels,  and  the  vital  actions  of  the  brain  and  nerves. 

We  have  good  reason  to  think,  that  it  is  especially  by 
its  action  (whether  direct  or  indirect)  on  the  vital  changes 
in  the  capillary  A'^essels,  that  this  cause  excites  the  symp- 
toms which  were  described  as  characteristic  of  Fever;  and 
we  refer  to  the  account  given  of  fever  symptomatic  of  in- 
flammation, for  the  explanation  of  the  manner  in  which  the 
difl\)i'ent  steps  in  the  series  of  changes  constituting  febi'ile 
action,  consequent  on  that  deficient  vital  action  in  the  ca- 
pillaries, are  connected  together. 

But  the  peculiar  depressing  action  of  the  morbific  cause 
on  all  the  parts  of  the  system  above  mentioned,  appears 
from  what  has  been  said,  to  be  perceptible  throughout  idio- 
pathic, as  distinguished  from  symptomatic  fever ;  and  it  is 
easy  to  understand,  that  its  eff^ect  on  any  one  of  these  may 
become  so  intense,  as  to  be  dangerous.  The  sedative  eff^ect 
on  the  heart  is  often  sucli  as  to  enfeeble,  and  sometimes 
such  as  nearly  to  suppress,  the  febrile  reaction,  as  in  Con- 
gestive Fever ;  that  on  the  brain  may  produce  fatal  coma, 
as  in  some  cases  of  Nervous  Fever,  independently  of  any 
eff"usion  or  oi'ganic  lesion  in  the  brain ;  that  on  the  vital 
functions  of  the  capillary  vessels  may  be  such,  and  so  long 
continued,  as  to  cause  fatal  inanition  and  exhaustion,  as 
in  some  cases  of  Fever,  fatal  merely  by  reason  of  the  long 
endurarice  of  the  disease,*without  failure  of  the  functions  of 
any  one  organ  in  particular. 

In  most  cases  of  fever,  however,  the  danger  is  not  pro- 
duced solely  in  this  way ;  but  appears  manifestly  owing  to 
a  combination  of  the  enfeebled  state  of  the  circulation, 
with  peculiar  derangement  of  the  functions  of  individual 
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orguns,  consequent  on  the  attendant  inflammations  there, 
the  symptoms  and  post-mortem  appearances  of  which  have 
heen  already  described.  In  consequence  of  this  combination, 
we  have  three  distinct  modes  of  fatal  termination  of  fevers, 
which  are  often  blended  together,  but  in  some  cases  are 
quite  separate  and  easily  distinguished;  and  which  are  clear- 
ly illustrated  by  the  different  kinds  of  sudden  or  violent 
death  formerly  described, — and  by  what  has  been  said  above 
of  the  morbid  appearances  left  by  fatal  fevers.  These  are, 
1.  The  death  by  Coma^  referable  partly  to  the  peculiar  ac- 
tion of  the  cause  of  fever  on  the  brain,  but  partly  also  to 
increased  determination  of  blood  thithei',  or  inflammatory 
action  or  effusion  there  ;  2.  The  death  by  Asphyxia^  refer- 
able partly  to  the  enfeebled  state  of,  the  circulation,  and 
want  of  power  in  the  heart  to  propel  the  blood  through  the 
lungs,  but  partly  also  to  Bronchitis  or  Pneumonia.  3.  The 
death  by  naere  Asthenia^  referable  partly  to  the  deleterious 
effect  of  the  morbific  cause  on  the  circulation,  but  partly 
also  to  various  local  inflammations,  prolonging  the  febrile 
state ;  and  especially  to  the  inflammations  and  ulcerations 
in  the  mucous  membrane  of  the  intestines,  which  appear  to 
have  in  this,  as  in  other  cases,  a  peculiar  sedative,  and 
what  was  formerly  designated  as  a  sympathetic,  effect  on 
the  heart's  actions. 

It  was  already  stated,  that  these  inflammations  during  the 
state  of  fever,  are  so  far  influenced  by  the  altered  condition  of 
all  vital  actions  in  the  capillary  vessels  at  that  time,  that  the 
local  effects  which  they  produce  differ  materially  from  those 
which  follow  inflammation  of  the  same  parts  in  a  system  free 
from  general  fever ; — as  is  seen,  e.  g.  in  watching  the  pro- 
gress of  a  parotid,  or  other  external  abscess,  commencing 
during  the  febrile  state,  but  only  suppurating  fairly  when 
that  state  has  subsided.  Nevertheless,  the  internal  inflam- 
mations often  attending  fever  are  quite  sufllicient,  when 
their  effect  is  combined  with  the  generally  enfeebled  state 
of  the  circulation,  to  cause  great  danger. 

The  nature  of  the  connexion  between  these  local  inflam- 
mations and  the  general  fever  is  often  obscure.    In  many 
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cases  they  arc  evidently  produced  by  a  different  cause, 
(chiefly  cold  applied  before  the  onset,  or  during  the  course 
of  the  disease),  and  only  accidentally  combined  with  the 
fever  ;  but  in  other  cases  they  may  probably  be  regarded  as 
effects  of  the  general  fever.  The  determination  of  blood  to 
the  head,  and  consequent  slight  inflammation  and  effusion, 
seem  often  to  be  of  this  description,  and  are  analogous  to 
what  sometimes  happens  in  inflammatory  diseases  of  other 
organs  than  the  head.  The  reproduction,  in  any  part  of 
the  body,  of  inflammatory  action  which  has  recently  sub- 
sided there,  appears  to  be  an  effect,  rather  than  a  mere  ac- 
companiment of  fever.  And  the  peculiar  inflammation  of 
the  mucous  glands  and  membrane  in  the  intestines,  when 
it  takes  place  late  in  the  disease,  may  be  suspected  to  de- 
pend very  much  on  the  bile,  and  other  irritating  contents 
of  the  intestinal  canal,  passing  over  a  membrane,  which  in 
consequence  of  the  feeble  circulation,  the  blunted  sensation, 
and  the  deficient  secretion,  has  lost  much  of  its  natural  pro- 
tecting mucus  ;  and  to  be  analogous  to  the  inflammation 
of  other  mucous  membranes,  consequent  on  section  of 
their  sensitive  nerves,  (p.  114),  and  to  that  which  precedes 
death  by  starvation  (p.  178). 

On  this  supposition,  inflammations  of  the  mucous  mem- 
brane of  the  intestines,  occurring  towards  the  close  of  pro- 
tracted fevers,  will  stand  in  nearly  the  same  relation  to 
them  as  the  inflammation,  ulceration,  and  gangrene,  from 
pressure  on  external  parts ;  which  are  very  common,  and 
often  constitute  a  great  part  of  the  danger  in  such  cases. 

These  relations  between  idiopathic  fever  and  the  conco- 
mitant local  inflammations  are  of  great  practical  import- 
ance; and  the  chief  difficulty  and  nicety  in  the  treatment 
of  fever,  lies  in  determining,  how  far  the  danger  depends 
on  such  local  affections  as  demand  evacuations,  and  how 
far  on  the  effect  produced  on  the  system  by  the  morbific 
cause,  which  will  often  spontaneously  abate,  and  often  de- 
mands remedies  of  the  opposite  class. 
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CHAPTER  VIII. 

OF  CONTAGIOUS  EXANTHEMATA. 

We  lierc  treat  of  those  diseases,  caused  chiefly  if  not 
solely  by  contagion,  and  tlieriefore  prevailing  at  times  epi- 
demically, in  which  there  are  symptoms  of  general  fever, 
more  or  less  of  the  typhoid  character, — and  at  the  same 
time  an  eruption  on  the  skin,  (as  in  many  cases  of  con- 
tinued fever  already  described) ;  in  which  there  is  very 
generally  likewise  inflammation,  chiefly  of  the  mucous  mem- 
branes, in  internal  parts;  and  the  danger  appears  to  de  • 
pend,  seldom  on  the  extent  of  inflammation  on  the  sur- 
face, but  partly  on  those  internal  inflammations,  and  part- 
ly on  the  affection  of  the  general  system,  and  especially 
of  the  circulation,  which  i-esults  from  the  action  of  the 
morbific  cause.  There  are  these  material  difi^erences  from 
continued  fever,  that  the  duration  of  the  febrile  action 
is  shorter,  and  much  more  uniform,  and  that  the  whole 
succession  of  the  symptoms,  and  especially  the  course  of 
the  external  inflammation,  is  much  more  regular.  This  de- 
scription applies  chiefly  to  Smallpox,  Measles,  and  Scarla- 
tina, and  probably  also  to  the  Plague.  It  applies  also  to 
the  slight  disease  called  Varicella ;  and,  in  several  important 
particulars,  to  the  Erysipelas. 

The  Pathology  of  these  diseases,  and  especially  of  the 
combination  existing  in  them  all,  of  local  inflammation, 
always  of  a  peculiar  or  specific  character,  with  general  ty- 
phoid fever,  is  essentially  the  same  as  that  of  continued 
Fever ;  but  it  is  important  to  state  shortly,  how  far  the 
statements  made  as  to  the  history  of  continued  fever  are 
applicable  to  each  of  these  exanthematous  diseases. 

I.  As  to  the  cause  of  these  diseases.  In  the  case  of  small- 
pox, measles,  and  ulague,  we  are  nearly  certain,  from  facts  of 
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the  description  formerly  noticed  (p.  361.)  not  only  that  these 
diseases  are  contagious,  but  that  they  never  proceed,  at  the 
present  day,  from  any  other  cause  than  the  specific  conta- 
gion, thrown  off"  probably  chiefly  in  the  breath  of  persons 
themselves  affected  with  the  diseases,  but  likewise  existing 
in  the  excretions  formed  on  the  surface  of  their  bodies,  as 
appears  from  the  communication  of  the  diseases  by  inocu- 
lation. But  it  is  more  doubtful  whether  the  scarlatina  and 
varicella  (of  which  a  few  cases  occur  almost  every  season  in 
this  country,  and  which  seldom  spread  epidemically  to  any 
great  number  of  persons),  do  not  occasionally  arise  from 
unknown  causes,  and  then  spread  by  contagion;  and  of  the 
frequent  sporadic  origin,  and  only  occasional  communica- 
tion by  contagion,  of  the  erysipelas,  there  can  be  no  doubt. 

In  this  last  case,  it  seems  nearly  a  necessary  condition  to 
the  communication  of  the  disease  by  contagion,  that  an  in- 
flammation of  the  skin,  or  at  least  an  abrasion  of  the  cuti- 
cle, whether  by  wound,  bruise,  scratch,  blister,  or  ^ome 
other  cause,  should  exist  at  the  time  that  the  morbific 
poison  is  presented.  It  has  also  been  supposed  that  some 
derangement  of  the  digestive  organs  is  an  essential  condi- 
tion to  attacks  of  erysipelas,  but  it  does  not  appear  ascer- 
tained that  such  derangement  does  more  in  this  than  in 
various  other  cases  of  exposure  to  the  causes  of  acute  dis- 
ease, viz.  strongly  predispose  to  their  development. 

The  protection  against  future  returns  of  the  disease  given 
by  its  once  taking  place,  which  was  mentioned  as  frequently 
observed  in  regard  to  ccHitinued  fever,  is  nearly  absolute  in 
the  case  of  smallpox,  measles,  scarlatiua,  and  probably  va- 
ricella ;  though  a  few  exceptions  to  the  rule  have  been  ob- 
served in  all  these  cases ;  but  it  does  not  hold  so  surely  of 
plague,  and  the  reverse  appears  to  hold  of  erysipelas. 

The  singular  and  anomalous  facts  as  to  the  connexion  of 
smallpox  and  cowpox  may  be  thus  stated.  That  the  con- 
tagious matter  of  smallpox  may  be  so  applied  as  to  act  on 
the  living  system  of  the  horse  and  the  cow  *,  and  excite  in 
them  a  mild  vesicular  disease,  without  any  general  crup- 

•  See  Edinburgh  Medical  and  Surgical  Journal,  1831. 
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tioii,  and  without  constitutional  disturbance;  and  that  this 
local  vesicular  disease,  communicated  to  the  human  sub- 
ject by  inoculation,  runs  its  course  there  in  the  same  inno  > 
cent  manner ;  with  the  effect  of  protecting  the  system,  in  a 
gi'eat  majority  of  cases,  against  all  subsequent  influence  of 
the  contagion  of  smallpox ;  and  with  the  effect,  in  almost 
all  the  cases,  where  the  protection  given  by  it  is  not  abso- 
lute, of  so  modifying  the  disease  which  that  contagion  can 
excite,  as  to  arrest  the  progress  both  of  the  cutaneous  in- 
flammation and  of  the  fever,  about  the  end  of  the  first 
week,  and  so  render  it  nearly  free  from  danger. 

The  contagious  poison  of  all  these  diseases,  like  that  of 
continued  fever,  is  liable  to  great  variations, — in  efiiciency, 
as  seen  in  the  diffusion  of  epidemics, — in  virulence,  as  seen 
in  their  mortality ;  and  in  specific  character,  as  seen  in  the 
most  urgent  symptoms,  and  most  frequent  accompaniments 
of  the  diseases,  as  occurring  in  different  seasons. 

II.  As  to  the  chief  symptoms  of  these  diseases.  In  all 
there  is  so  distinct  an  eruptive  fever,  although  of  various 
duration,  before  the  inflammatory  appearances  in  the  skin 
commence,  as  unequivocally  to  demonstrate  that  the  in- 
flammation, although  an  effect,  and  the  only  sure  criterion, 
of  the  specific  poison  which  excites  the  fever,  is  not  the 
cause  of  the  fever;  which  must  therefore  be  held,  like  Idio- 
pathic Fever,  to  consist  in  the  reaction  of  the  system  against 
the  depressing  influence  of  the  specific  poison.  The  inter- 
nal inflammations  attending  these  diseases,  although  often 
aggravated  by  the  usual  causes  of  inflammation,  applied  at 
the  time,  are  yet  so  uniformly  observed,  and  so  frequently  se- 
vere when  there  has  been  no  such  concurrent  cause,  that  we 
must  regard  them  as  likewise  effects  of  the  specific  poisons. 

The  Smallpox  is  distinguished  by  the  pretty  uniform  du- 
ration, both  of  the  latent  period  (from  seven  to  twelve  days), 
and  of  the  eruptive  fever  (from  thirty-six  to  sixty  hours); 
and  by  the  pustular  character  of  tlie  eruption,  the  suppura- 
tion of  which  is  not  completed  till  the  seventh  or  eiglith  dav 
from  the  appearance  of  inflammation,  and,  when  tlie  erup- 
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tion  is  numerous,  is  followed  by  secondary  fever  for  some 
days  more.  In  this  disease  the  peculiar  action  of  the  conta- 
gious poison  on  the  Nervous  System  is  often  shewn,  in  the 
case  of  children,  by  convulsions  before  the  eruption  comes 
out.  The  fever  is  seldom  attended  with  so  great  depression 
of  the  circulation,  as  is  seen  in  the  more  malignant  cases  of 
other  epidemic  diseases,  and  the  disease  is  very  generally 
protracted  at  least  until  the  usual  time  for  the  maturation 
of  the  pustules;  but  when  their  number  is  very  great,  the 
powers  of  the  system  are  inadequate  to  the  filling  of  the 
vesicles  that  had  formed  in  the  skin,  or  to  the  convex'sion 
of  the  fluid  in  them  into  pus.  The  mucous  membrane  of 
the  fauces  is  very  generally  inflamed  early  in  the  disease, 
and  that  of  the  trachea  and  bronchise,  in  a  greater  or  less 
degree,  in  the  later  stages.  The  substance  of  the  lungs  like- 
wise often  undergoes  changes  similar  to  those  described  as 
occurring  there  in  Fever.  The  mucous  membrane  of  the  sto- 
mach and  bowels  is  more  rarely  and  more  variously  affected. 

In  Measles  and  Scarlatina,  the  duration  both  of  the  la- 
tent period,  and  of  the  eruptive  fever,  is  less  uniform. 
These  diseases  are  distinguished  by  the  peculiar  appearance 
of  the  cutaneous  inflammation,  which  seldom  lasts  above 
four  days,  and  leads  to  no  result  in  either,  except  desquama- 
tion, and  in  the  scarlatina,  separation  of  the  cuticle  in 
large  patches.  The  constitutional  fever  resulting  from  the 
specific  poison, — very  generally  of  shorter  dui'ation  than 
that  of  smallpox,  is  remarkably  various  in  character  in  dif- 
ferent cases,  and  also,  on  an  average  of  cases,  in  difi'erent 
epidemics.  In  many  of  the  worst  cases  of  scarlatina,  and 
in  some  of  those  of  measles,  it  has  quite  the  form  of  the 
adynamic,  or  even  of  the  congestive  fever  formerly  describ- 
ed, (p.  436.),  i.  e.  fever  with  feeble  and  imperfect  reaction. 
In  such  cases,  the  peculiar  action  of  the  poison  on  the  ner- 
vous system  shews  itself  generally  by  much  nausea  and  vo- 
miting ;  arid  the  inflammation  on  tiie  skin  is  pale  or  livid, 
partial,  and  of  short  duration. 

The  internal  inflammations  attending  these  diseases  are 
much  more  uniform  than  in  smallpox ;  viz.  in  Measles,  in- 
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flammation  of  the  tunica  conjunctiva  and  mucous  mem- 
brane of  the  nose  in  the  eruptive  stage,  soon  succeeded  by 
bronchitis,  or  even  by  peripneumony  (which  sometimes  be- 
come aggravated  after  the  decline  of  the  eruption),  and  oc- 
casionally succeeded  by  inflammation  of  the  mucous  mem- 
brane of  the  bowels ; — in  Scai'latina,  inflammation,  often 
tending  to  ulceration  in  the  tonsils,  attended  by  swelling  of 
the  neighbouring  lymphatic  glands,  and  also  by  inflamma- 
tion of  the  mucous  membrane  of  the  nostrils,  sometimes 
followed  likewise  by  extension  of  the  inflammation  to  the 
trachea  and  bronchia?. 

In  Plague,  the  fever  and  external  inflammation  appear 
at  irregular  times  after  the  presumed  exposure,  but  gene- 
rally within  a  few  hours  of  each  other.  The  latter  consists 
of  spots  of  inflammation,  running  rapidly  to  gangrene,  and 
of  buboes  or  swellings  of  lymphatic  glands,  rapidly  increas- 
ing but  rarely  suppurating.  The  fever  is  very  generally 
of  the  character  to  which  the  name  of  Congestive  has  been  gi- 
ven, i.  e.  the  reaction  is  very  imperfect,  or  hardly  observed, 
and  the  chief  symptoms  may  be  said  to  be  an  aggravated 
degree  of  those  which  take  place  in  the  commencement  of 
all  the  contagious  febrile  diseases,  weakness  of  pulse  and  of 
voluntary  muscles,  paleness,  nausea,  and  vomiting,  stupor 
or  confusion  of  thought  approaching  to  stupor,  and  tre- 
mors. There  is  no  good  evidence  of  any  internal  inflamma- 
tion frequently  attending  this  disease. 

In  Erysipelas,  the  eruptive  fever  is  of  various  duration, 
but  seldom  lasts  more  than  three  days.  The  inflammation 
is  extremely  various,  both  in  extent  and  duration ; — it  is 
characterized  chiefly  by  its  rapid  spreading  along  the  sur- 
face, and  its  tending  to  vesication  and  to  desquamation 
externally,  .and  often  to  suppuration  (chiefly  of  the  diff'use 
kind)  within  the  true  skin.  Symptoms  threatening  inflam- 
mation of  the  brain  often  supervene  on,  or  follow  the  rapid 
recession  of,  erysipelas ;  and  inflammation  of  the  fauces 
and  larynx  very  often  attend  it.  The  accompanying  fever 
is  very  various,  sometimes  strictly  inflammatory,  often 
more  or  less  typhoid,  and  sometimes  of  the  character  called 
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congestive ;  and  in  those  last  cases  the  inflammation  is  of- 
ten apparently  slight,  its  colour  livid,  and  its  local  effects 
inconsiderable. 

III.  As  to  the  mode  of  fatal  termination  of  these  dis- 
eases. It  is  obvious  from  what  has  been  stated,  that  the 
danger  in  them,  as  in  continued  Fever,  will  generally  be 
complex,  and  widely  different  in  different  individual  cases 
of  the  same  species, — sometimes  dependent  chiefly  on  the 
malignant  character  of  the  typhoid  fever,  i.  e.  on  the  viru- 
lence of  the  morbific  poison, — sometimes  on  the  intensity  of 
the  local,  and  especially  the  internal  inflammations;  and 
that  the  nicety  of  practice  will  consist  in  so  balancing  be- 
tween these  dangers,  as  to  apply  iji  each  individual  case 
the  remedies  best  adapted  to  that,  which  is  there  the  greatest. 

In  Smallpox,  the  chief  danger  is  of  death  by  mere  ex- 
haustion or  asthenia,  generally  attended  with  much  coma- 
tose tendency,  to  be  expected  at  the  period  of  maturation 
of  a  very  copious  eruption,  which  is  always  attended  with 
a  somewhat  typhoid  fever,  and  suppurates  very  imperfect- 
ly. But  there  is  also,  in  many  cases,  a  great  aggravation 
of  the  danger,  from  the  hurried  juid  laborious  breathing 
consequent  on  the  Laryngitis,  Bronchitis,  or  even  Peri- 
pneumony,  which  take  place  in  tlie  later  stages  of  the  erup- 
tion ;  and  in  some  cases  tlie  affection  of  the  air-passages  is 
such  as  so  cause  death  by  asphyxia,  even  when  the  erup- 
tion is  distinct,  and  its  maturation  pretty  complete.  But 
the  inflammation  in  these  parts,  while  the  smallpox  lasts, 
hardly  ever  goes  on  to  any  other  termination  than  thicken- 
ing of  the  membrane,  and  increased  mucous  or  muco-puru- 
lent  secretion  in  the  bronchia^ ;  nor  is  it  to  be  expected 
that  it  can  subside  completely,  until  the  period  of  the  de- 
cline of  the  eruption. 

In  most  epidemics  of  Measles,  the  danger  is  merely  from 
the  accompanying  bronchitis,  and  from  this  chiefly  about 
or  even  after  the  time  of  the  decline  of  the  eruption.  But 
it  is  probably  always  more  dangerous  as  occurring  in  a 
system  which  is  under  tlie  influence  of  a  weakening  febrile 
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disease  independent  of  itself;  and  there  are  occasional  epide- 
mics of  measles,  and  a  few  cases  in  ordinary  epidemics, 
where  the  malignant  typhoid  fever  is  evidently  very  danger- 
ous, even  independently  of  the  complication  with  bronchi tis; 
but  of  course  much  more  so  if  that  inflammation  is  at  the 
same  time  sucli  as  to  threaten  death  by  asphyxia. 

In  Scarlatina  the  danger  is  more  various  than  in  any  of 
the  others.  In  a  few  cases  it  depends  on  the  amount  of 
swelling  in  the  fauces  in  the  early  part  of  the  disease,  or 
on  the  early  extension  of  the  inflammation  to  the  larynx, 
threatening  asphyxia.  In  many  cases  of  the  kind  called  Ma- 
lignant, it  depends  simply  on  the  depressed  state  of  the 
circulation  in  the  typhoid  fever;  in  a  number  of  others,  where 
the  eruption  has  been  florid  and  persistent,  and  the  fever 
originally  not  malignant,  it  depends  very  much  on  the  in- 
flammation of  tbe  lymphatic  glands  around  the  fauces, 
which  then  supervenes  on  the  ulcerated  state  of  the  tonsils; 
and  on  the  aggravation,  and  generally  tlie  more  typhoid 
tendency,  of  the  fever  in  that  stage.  When  all  these  dan- 
gers are  over,  there  is  more  risk  of  subsequent  inflamma- 
tory affections  after  this  than  after  any  of  the  other  erup- 
tive fevers. 

In  Plague,  the  danger,  although  probably  sometimes  ag- 
gravated by  the  local  inflammations,  is  obviously  chiefly 
dependent  on  the  direct  depressing  influence  of  the  speci- 
fic poison  on  the  brain,  and  especially  on  the  heart. 

In  Erysipelas,  the  danger  sometimes  depends  on  the  ex- 
tent to  which  the  inflammation  goes  in  the  skin  and  cellu- 
lar membrane,  and  the  exhausting  processes  of  suppuration 
and  sloughing  that  succeed;  sometimes  on  a  simultaneous 
inflammatory  aff^ection  of  the  brain,  or  a  metastasis  of  the 
inflammation  thither ;  sometimes  on  a,  concomitant  in- 
flammation of  the  fauces  and  larynx  ;  but  often  it  depends  in 
part,  and  sometimes  entirely,  on  the  enfeebled  state  of  the 
heart,  and  general  typhoid  form  of  the  constitutional  fever. 

In  all  the  Eruptive  Fevers  except  this  last,  it  is  to  be  obser- 
ved as  an  important  part  of  their  Pathology,  that  experience 
has  proved  the  inutility  and  danger  of  attempting  to  arrest 
the  course  of  the  specific  indamniationsof  the  skin,  after  they 
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have  commenced.  Whether  the  body  contain  in  it  a  mor- 
bific poison  which  should  be  expelled  or  not,  it  certainly 
labours  under  the  influence  of  a  cause,  which  is  most  dan- 
gerous when  any  inflammations,  that  may  coexist  with  it, 
are  abortive;  and  the  unwonted  recession  of  the  inflamma- 
tion, if  not  a  cause  of  injury,  is  very  generally  to  be  dread- 
ed as  a  sign  of  intense  action  of  the  morbific  cause  on  the 
circulating  system,  and  impending  death  by  astlienia.  But 
in  the  case  of  Erysipelas,  no  such  consequences  follow  the 
use  of  remedies  which  subdue  the  external  inflammation 
wben  urgent ;  and  although  there  are  other  dangers,  in 
many  cases  of  the  disease,  which  demand  very  different 
remedies,  yet  in  so  far  as  danger  appears  to  threaten  from 
the  extent  and  intensity,  and  jirobable  consequences,  of  the 
inflammation  on  the  surface,  experience  shews  that  the  anti- 
phlogistic remedies,  and  especially  the  local  deti-action  of 
blood,  may  be  used  with  safety  and  great  advantage  to 
avert  it.  In  this  important  respect,  as  well  as  in  prevail- 
ing less  epidemically,  and  following  a  much  less  regular 
course,  than  the  other  eruptive  fevers,  the  erysipelas  may 
be  said  to  occupy  a  middle  ground  between  them  and  the 
simply  inflammatory  diseases. 

Immediately  after  the  cessation  of  the  eruptive  fevers,  as 
well  as  of  continued  fever,  the  system  is  peculiai'ly  liable  to 
inflammatory  attacks,  sometimes  hardly  to  be  distinguished 
from  the  last  symptoms  of  these  diseases  themselves.  This 
is  peculiarly  the  case  about  the  time  of  the  desquamation 
succeeding  scarlatina ;  at  which  time  also,  and  often  in  com- 
bination with  such  inflammations,  a  dropsical  afi^ection  af- 
terwards to  be  considered,  is  very  apt  to  occur. 

CHAPTER  IX. 

OF  DISEASED  STATES  OF  THE  SECRETIONS. 

It  has  been  already  said  that  increase  or  alteration  of  the 
vital  changes  taking  place  in  the  capillary  vessels,  is  often 
the  cause,  and  often  also  the  eff^ect,  of  increased  determina- 
tions, or  altered  distribution  of  the  blood ;  that  Inflamma- 
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tion  is,  in  several  instances,  attended  with  increase  and  al- 
teration of  exlialations  and  secretions  already  existing,  and 
always  tends  to  a  change  of  the  products  formed  from  the 
blood  at  the  part  which  it  affects ;  and  that  a  general  di- 
minution and  alteration  of  the  products  formed  from  the 
blood,  is  an  essential,  and  probably  the  most  fundamental, 
part  of  the  changes  that  constitute  Fever.  It  is  therefore 
obvious,  that  no  distinct  line  of  demarcation  can  be  drawn 
between  the  diseased  actions  already  considered,  and  those 
of  which  alteration  of  Secretions,  and  of  Nutrition,  are  the 
most  essential  constituent. 

But  there  are  many  diseases  in  which  these  vital  ac- 
tions in  the  capillaries  are  much  and  primarily  altered, 
and  in  which  there  is  in  general,  and  especially  in  the 
commencement,  neither  fever  excited,  nor  any  of  the  usual 
products  of  inflammation  formed,  nor  even  any  such  con- 
gestion of  blood  effected,  as  is  in  itself  injurious  ;  which  we 
must  ascribe,  therefore,  to  alteration  or  perversion  of  the 
functions  of  Secretion,  Exhalation,  and  Nutrition,  and  of  the 
concomitant  function  of  Absorption,  by  which  the  condition 
of  all  extra- vascular  parts  within  the  body  is  determined ; 
and  these  diseases  come  next  under  our  view. 

It  is  not  to  be  expected  that  we  can  explain  these  altera- 
tions of  vital  actions,  which  are,  in  their  natural  state,  so 
very  imperfectly  understood ;  but  it  is  necessary  to  have  some 
arrangement  of  them,  and  to  state  what  is  known  of  their 
causes,  and  of  their  connexions  with  other  diseased  states. 

In  a  brief  outline  of  this  subject,  we  set  aside  the  cases 
already  considered,  of  altered  secretions  dependent  on  de- 
cided inflammation,  and  on  fever ;  and  also  the  case,  after- 
wards to  be  shortly  noticed,  of  diseased  secretions  depend- 
ing on  morbid  alterations  of  the  blood  from  known  causes. 

In  regard  to  the  whole  of  the  classes  of  disease  now  to  be 
considered,  it  is  to  be  observed  that  they  are  gene  ally  of 
much  longer  continuance  or  more  frequent  recurrence  than 
inflammatory  and  febrile  diseases,  and  that  their  abate- 
ment, by  a  natural  process,  is  less  to  be  expected. 

It  is  important  to  distinguish,  in  treating  of  the  diseased 
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states  of  the  secretions,  those  which  have  been  described  as 
Recrementitious,  from  those  destined  to  Excretion  ;  but  it  is 
to  be  remembered  that  the  Bile,  and  perhaps  others  of  the 
secretions  of  the  prim£B  viae,  appear  to  partake  of  the  na- 
ture of  both  classes  of  secretions. 

I.  The  most  important  disorders  of  the  first  class  of  Se- 
cretions, are  the  affections  of  the  secretions  of  the  Primse 
Vise  concerned  in  digestion.  From  a  .simple  increase  of 
these  arise  Ptyalism,  Cholera,  perhaps  in  some  cases  Buli- 
mia, and  Diarrhoja  of  different  kinds  (often  independent  of 
any  inflammatory  action,  as  appears  from  its  whole  histoiy, 
and  from  the  appearances  seen  on  dissection  afterjt)  *.  And 
from  alteration  of  them  arise  the  varied  forms  of  Dyspep- 
sia, (the  symptoms  of  which  are  dependent,  partly  on  de- 
ficiency of  the  natural  sensations  which  attend  the  healthy 
state  of  the  secretion  at  the  stomach,  and  partly  on  mor- 
bid sensations,  and  sometimes  morbid  actions,  consequent 
on  the  delay  and  the  imperfect  solution  of  the  food) ;  an  oc- 
casional diseased  state  of  the  mucous  membrane  of  the 
bowels,  in  which  morbid,  viscid,  or  ropy  mucus  is  thrown 
off,  without  inflammatory  symptoms,  and  without  diar- 
rhoea; another  diseased  state  of  the  secretion  of  the  mucous 
membrane,  in  which  much  phosphate  of  lime  is  thrown 
out,  forming  the  basis  of  intestinal  Calculi;  different  dis- 
eased states  of  the  stomach  and  bowels,  consequent  on  the 
flow  of  defective  or  vitiated  Bile;  Jaundice,  when,  from 
inspissated  bile,  or  from  gall-stones  (the  symptoms  of  which 
depend  partly  on  the  absence  of  bile  from  the  intestines,  and 
its  presence  in  the  blood  and  in  the  urine,  partly  on  the 
sensations  resulting  from  the  immediate  action  of  the  cause 
that  obstructs  its  descent,  and  partly  on  the  imperfection 
of  the  process  of  digestion  vi'hen  it  is  absent)  ;  and  constipa- 
tion or  Colic,  commonly  dependent  on  the  deficiency  of  the 
natural  stimulus  to  the  intestines,  and  consequent  accumu- 
lations and  uneasy  sensations  there. 

Thesp  diseases  of  the  organs  of  digestion  are,  in  a  few 

"  See  Andrai.,  Clinique  Medicale,  t.  i.  p.  424. 
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cases,  dangerous,  in  like  mannei*  as  inflammation  of  these 
organs,  by  reason  of  the  sympathetic  effect  on  the  heart  (as 
in  the  cases  of  violent  Gastrodynia  attending  indigestion, 
or  of  violent  Cholera)  ;  sometimes  they  are  dangerous,  by 
reason  simply  of  the  gradual  wasting  and  exhaustion  con- 
sequent on  them  ;  but  more  frequently  they  are  dangerous 
by  so  weakening  the  system,  as  to  give  a  strong  predis- 
position to,  and  aggravation  of,  other  diseases,  whether  in- 
flammatory or  organic,  with  which  they  become  complicated. 

Again,  there  are  cases  of  chronic  cough  and  asthma,  de- 
pendent on  increase  and  alteration  of  the  natural  mucous 
secretion  of  the  bronchiae,  which  cannot  be  said  to  shew 
any  indi<J«tions  of  inflammation, — particularly  that  variety 
where  muc  h  pale  ropy  mucus  is  expectorated ;  and  there 
are  many  cases  of  chronic  diseases  of  the  skin,  even  such 
as  Lepra,  Impetigo,  &c.,  still  more  such  as  Ichthyosis  or 
Molluscum,  during  the  greater  part  of  which  there  are  no 
marks  of  inflammation,  and  which  may  be  considered  as 
consisting  in  morbid  secretions  on  the  true  skin  ;  and  ac- 
cordingly, when  these  are  affected  by  remedies,  it  is  by  reme- 
dies of  the  class  of  alteratives,  not  by  antiphlogistic  measures. 

Now,  in  regard  to  diseases  thus  depending  essentially  on 
altered  Secretions,  wc  observe,  that  although  their  causes 
are  often  obscure,  yet  the  following  are  often  observed  to 
act,  and  may  often  be  avoided  or  averted. 

1.  They  depend  often  on  the  application  of  external 
agents  of  the  same  kind,  but  short  in  degree  of  those  which 
can  excite  inflammation  of  the  parts.  Tlius  mercury  ex- 
cites ptyalism,  heat  cholera ;  alcohol,  or  other  stimuli,  or 
any  aliments  very  difficult  of  digestion,  or  in  excessive  quan- 
tity, in  their  secondary  operation,  lessen  and  injure  the 
secretion  at  the  stomach ;  many  kinds  of  food  or  drink 
produce  diarrhoja;  and  sometimes  exposure  to  cold  excites 
either  dyspepsia  or  dian-hoea,  without  any  appearance  of 
inflammation. 

2.  They  are  often  the  result  of  clianges  taking  place  in  the 
condition  of  the  Nervous  System,  the  peculiar  influence  of 
which  on  the  secretions  has  formerly  been  illustrated;  as 
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when  long  continued  mental  languor  or  depression,  or  more 
violent  mental  emotion  lessens,  and  pi'obably  vitiates,  all  the 
secretions  of  the  primae  vise,  and  causes  dyspepsia,  consti- 
pation, diarrhoea,  sometimes  jaundice,  according  to  the  con- 
stitution of  individuals  ;— when  mental  emotions  so  injure 
the  secretion  of  milk  as  to  make  it  poisonous  to  the  infant ; 
— or  when  the  sensation  of  intense  pain  in  any  part  of  the 
body  causes  thirst  or  dryness  of  the  mouth,  and  destroys 
the  power  of  the  secretion  at  the  stomach.  A  still  more 
striking  case  of  this  kind,  if  we  can  regard  it  as  duly  au- 
thenticated, is  the  supposed  effect  of  violent  rage,  pain,  and 
terror,  in  so  altering  the  secretions  of  the  mouths  of  ani- 
mals, as  to  make  them  capable  of  communicating  by  ino- 
culation the  true  Hydrophobia. 

3.  They  are  often  produced  by  deficiency  of  the  natural 
stimuli  of  fresh  air,  exercise,  and  variations  of  external 
temperature;  which  privations  maybe  supposed  to  act,  part- 
ly by  producing  long  continued  irksome  sensations,  and 
partly  by  repressing  the  circulation  on  the  surface,  and  the 
different  excretions  from  the  body,  and  so  favouring  ple- 
thora in  internal  parts. 

4.  They  are  often  sympathetically  produced  by  diseases, 
functional  or  organic,  of  other  parts  of  the  system ;  as 
when  various  disorders  of  the  stomach  ensue  in  the  course 
of  diseases  6f  the  brain,  liver,  bowels,  kidneys,  uterus  or 
other  pelvic  viscera.  According  to  what  has  formerly  been 
stated  as  to  sympathies,  this  influence  of  the  diseases  of 
distant  parts  may  be  believed  to  take  place  through  the 
intervention  of  long  continued  uneasy  sensations  resulting 
from  these  diseases,  and  therefore  may  be  resolvable  into 
the  second  head  of  the  causes  of  diseased  secretions. 

5.  Although  not  necessarily  dependent  on  any  alteration 
of  the  usual  state  of  the  circulation,  yet  in  many  cases  they 
supervene  op,  and  in  others  they  give  rise  to,  congestions 
of  blood  in  the  parts  where  they  take  place ;  and  in  both 
cases  they  are  aggravated  by  such  congestions  of  blood ; 
as  is  obvious  when  we  observe  the  facility  with  which  Dys- 
pepsia or  Diarrhoja  often  supervenes  on  obstruction  to  the 
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flow  of  venous  blood  through  the  liver ;  or  the  manner  in 
which  dyspepsia  or  diarrhoea  often  assumes  somewhat  of  the 
charactei*,  and  is  relieved  by  a  modei'ate  use  of  the  reme- 
dies, of  inflammation  of  the  stomach  or  bowels. 

This  is  remarkably  observed  in  certain  forms  of  dyspep- 
sia in  adults,  described  by  Dr  Wilson  Philip,  Dr  Parry, 
and  others,  in  this  country,  and  by  Broussais  and  his  fol- 
lowers in  France;  and  again,  in  many  cases  of  the  Febris 
Infantum  Remittens;  which  does  not  always  imply,  but  of- 
ten threatens,  or  even  passes  into,  inflammation  of  the  mu- 
cous membrane  of  the  bowels. 

It  is  farther  important  to  observe,  in  regard  to  these  al- 
terations of  secretions,  that  they  produce,  and  frequently 
make  themselves  known  by,  not  only  derangement  of  the 
functions  in  which  they  are  themselves  concerned,  but  like- 
wise derangement  of  other  functions,  often  of  distant  parts ; 
and  that  in  two  ways, — either  when  the  function  seconda- 
rily affected  is  necessarily  dependent  on  that  first  deranged; 
—or  else  in  a  more  precarious  and  variable  way,  when  the 
affection  of  the  second  is  truly  a  sympathetic  cliange. 

Thus  a  disordered  state  of  the  function  of  digestion,  or 
habitual  constipation  or  diarrhoea,  leads  naturally  to  de- 
ficient nutrition,  and  to  debility  and  emaciation ;  and  it 
also  leads  much  less  certainly,  but  sometimes  more  obvious- 
ly, to  a  distempered  state  of  the  external  senses,  particu- 
larly vision, — or  of  the  mental  faculties  (Hypochondriasis), 
— or  of  the  respiratory  actions  (Asthma), — or  of  the  volun- 
tary muscles  (Hysteria,  or  even  Convulsion), — or  to  various 
indefinite  uneasy  sensations  common  in  persons  of  nervous 
temperament,  &c. ;  or  modifies  the  progress  of  inflammation, 
especially  if  scrofulous,  or  of  any  other  local  disease  that 
may  be  excited  in  the  body,  i-endering  it  more  obstinate, 
and  less  amenable  to  treatment,  as  has  been  well  illus* 
trated  by  Mr  Abernethy,  Dr  Hamilton  senior,  and  others. 
In  children,  febrile  action  is  frequently  excited  by  derange- 
ments of  the  secretions  of  the  Primae  Vise,  independently 
of  inflammation ;  and  in  certain  (chiefly  scrofulous)  consti- 
tutionsy  this  fever  is  very  apt  to  pass  into  Hydrocephalus. 

I 


540 


OUTLINES  OF  PATHOLOGY. 


The  spasms  of  the  legs,  wliicli  attend  A'iolent  diarrlioea  oi" 
cliolera,  are  an  example  of  a  more  definite  and  uniform 
sympatlietic  effect,  resulting  from  the  state  of  the  secretions 
of  the  primas  vise. 

II.  The  Excretions  from  the  body  are  very  liable  to  in- 
crease, diminution,  or  alteration,  from  the  same  kind  of- 
causes  which  act  on  the  other  secretions ;  and  are  sometimes 
totally  suppressed,  with  injurious  or  even  fatal  effects,  but 
independently  either  of  fever,  inflammation,  or  change  of 
texture  of  the  parts  furnishing  them. 

Thus  the  Menstrual  Flux  is  often  inci-eased  and  altered 
(as  by  the  establishment  of  permanent  leucorrhoea)  from  a 
luxurious  or  debilitating  mode  of  life,  from  mental  emo- 
tions, or  from  exertions  especially  affecting  these  parts; 
and  again,  it  is  liable  to  sudden  suppression  from  cold; 
and  in  both  cases,  many  sympathetic  affections  of  the  sto- 
mach, of  the  heart,  and  of  the  nervous  system,  usually 
follow.  And  the  Urine  is  liable  to  alteration  from  the  na- 
ture of  the  ingesta,  from  cold  or  heat,  from  affections  of  the 
nervous  system,  as  in  Hysteria,  from  injuries  in  the  neigh- 
bourhood of  the  kidneys,  &c. ;  and  it  is  occasionally  totally 
suppressed  without  a  known  cause. 

But  from  what  has  been  formerly  said  of  the  manner  in 
wliich  the  peculiar  matters  of  the  excretions  are  probably 
prepared  in  the  blood  before  it  enters  the  excretory  glands, 
(p.  32.),  and  also  of  the  necessity  which  exists  for  the  evo- 
lution of  certain  matters  by  these  means,  from  the  system, 
it  may  naturally  be  expected,  L  That  the  excretions  may 
be  affected  by  a  disordered  state  of  the  functions  of  differ- 
ent and  distant  parts ;  and,  2.  That  more  pernicious  effects 
(consequent  on  the  retention  of  noxious  matters  which 
ought  to  be  expelled),  may  result  from  their  alteration  or 
suppression  than  from  similar  affection  of  the  other  secre- 
tions. And  although  the  subject  is  very  imperfectly  un- 
derstood, illustrations  of  both  these  points  may  be  given. 

Thus  the  Menses  are  often  suppressed,  not  in  conse- 
quence of  causes  acting  peculiarly  on  the  uterus,  but  in  con- 
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sequence  of  mental  emotions,  or  general  sensations,  such  as 
cold,  or  of  any  cause  of  general  weakness,  of  long  duration. 

The  two  most  important  alterations  of  the  urine  (uncon- 
nected with  organic  disease  of  the  kidneys)  are,  its  tenden- 
cy to  deposit  different  kinds  of  earthy  deposits  in  Gravel ; 
(some  of  them,  the  uric  acid  and  the  phosphates,  natural 
constituents  of  the  urine,  others,  as  the  oxalate  of  lime  and 
the  cystic  oxide,  new  comhinations  of  the  elements  com- 
posing it)  ;  and  its  great  increase,  hoth  in  quantity  and 
specific  gravity,  and  the  alteration  of  its  animal  matters,  in 
Diabetes.    The  former  of  these  appears,  from  the  other 
complaints  attending  it,  and  from  the  juvantia  and  laidentia, 
to  be  A'^ery  dependent,  if  not  on  the  nature  of  the  ingesta, 
at  least  on  the  condition  of  primee  viae,  and  the  nature  of 
the  supplies  sent  from  thence  to  the  blood, — rather  than  on 
any  cause  acting  directly  on  the  kidneys. 

The  Diabetes  is  certainly  not  a  disease  confined  to  the 
kidneys,  nor  chiefly  seated  there  ;  because  it  is  often  found 
unconnected  with  any  lesion  of  the  kidneys ;  and  because 
this  remarkable  fact  is  very  generally  observed  in  it,  that 
shortly  before  death  the  vu-ine  becomes  quite  natural  both 
in  quantity  and  quality.  From  what  we  now  know,  of  the 
appearance  of  Urea  in  the  blood  when  its  evolution  at  the 
kidneys  is  obstructed,  it  is  reasonable  to  infer,  that  the 
great  increase  in  the  quantity  of  urea,  and  its  conversion 
into  sugar  in  diabetes  (by  the  change  in  its  constituent 
elements  noticed  at  p.  90)  will  be  effected  at  all  parts  of 
the  body  where  the  formation  of  urea  is  begun  ;  and  from 
what  was  formerly  said  of  the  great  probability  of  this  sub- 
stance, destined  only  to  excretion,  being  a  product  of  ab- 
sorption, it  may  be  supposed  that  its  formation  is  begun 
wherever  absorption  takes  place. 

Accordingly  it  may  be  observed,  that  the  symptoms 
seen  in  Diabetes,  (in  addition  to  the  increase  of  the  urine), 
the  thirst,  the  keen  appetite,  the  dryness  of  the  surface, 
the  general  wasting,  and  ultimately  extreme  debility,  not- 
withstanding the  great  amount  of  ingesta,  are  all  indications 
of  unnatural  activity  of  Absorption  ;  from  whidi  it  seems 
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probable,  tbat  first  an  increased  formation  of  Urea,  and 
then  a  formation  of  sugar,  (from  the  same  elements,  with 
the  exclusion  of  azote,  and  an  additional  proportion  of  car- 
bon and  oxygen),  may  naturally  result. 

Again,  it  was  formerly  stated,  that  the  different  conse- 
quences frequently  resulting  from  suppression  of  the  Menses, 
haemorrhages  often  in  unwonted  situations,  inflammations, 
and  various  nervous  affections,  appear  to  be  more  serious 
than  what  usually  result  from  stopping  a  slow  haemorrhage 
of  an  equal  amount.  And  it  is  certain  that  when  the  ex- 
cretion of  Urine  is  suppressed,  the  consequences  are  such  as 
clearly  indicate  the  action  of  a  poison  on  the  body,  viz. 
Nervous  symptoms  resembling  those  of  typhoid  fever,  and 
ultimately  fatal  Coma. 

It  may  be  observed  here,  that  these  consequences  follow 
suppression  of  the  excretion  at  the  kidneys,  but  do  not  ne- 
cessarily follow  a  great  amount  of  absorption  of  urine  from 
the  bladder  or  ureters;  for  cases  occur  where,  in  conse- 
quence of  obstruction  at  the  ureters  or  bladder,  great  and 
long  continued  distention  of  the  ureters,  and  great  absorp- 
tion from  them,  are  found  to  have  taken  place,  without  any 
such  consequences  haA^ing  followed. 

It  would  appear  that  the  same  principle  applies  to  the 
secretion  of  Bile,  for  although  long  continued  obstruction  to 
its  descent  from  the  gall-ducts,  and  consequent  absorption 
of  it  into  the  blood,  are  often  borne  with  impunity,  yet  in 
those  cases  where  its  secretion  at  the  liver  has  been  sup- 
pressed, and  the  ducts  have  been  found  on  dissection  per- 
vious and  empty,  fatal  coma  has  in  general  quickly  super- 
vened  on  the  jaundice  *. 

The  rapidly  fatal  effect  of  suppression  of  the  excretion  by 
the  Lungs  has  already  been  fully  considered.  The  suppres- 
sion of  excretion  at  the  Skin  is  seldom  effected,  and  when 
it  is,  its  bad  effects  may  probably  be  averted  by  increased 
exhalation  of  the  same  matters  at  the  lungs.  But  the  pe- 
culiar liability  to  inflammatory  affections,  and  to  dropsy, 

•  See  ]Maiisii  in  Dublin  Hospital  Reports,  vol.  iii.  Several  cases  in  all 
material  respects  exactly  similar,  have  occurred  to  myself. 
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while  the  skin  is  in  an  inert  state  after  exanthematous  dis- 
eases, particularly  scarlatina,  may  be  partly  owing  to  the 
retention  of  this  excretion. 

A  febrile  attack  very  generally  succeeds  the  sudden  sup- 
pression of  the  secretion  of  Milk  ;  but  is  of  short  duration, 
probably  because  the  conditions  necessary  to  the  continu- 
ance of  that  secretion  (see  p.  304)  soon  cease  to  exist. 

In  regard  to  all  morbid  states  (at  least  to  diminution  and 
alteration)  of  secretions  in  the  body,  it  is  to  be  observed, 
that  they  will  naturally  be  more  apt  to  take  place  in  se- 
creting organs  which  have  undergone  any  organic  change 
of  structure  than  in  others;  and  therefore  that  when  strong- 
ly marked  and  obstinate,  these  changes  in  the  secretions 
are  often  connected  with,  and  may  generally  excite  sus- 
picion of,  such  organic  lesions  as  are  next  to  be  considered. 


In  connexion  with  these  disordered  states  of  the  Secretions, 
a  few  words  may  be  said  of  the  pathology  of  the  new  and 
anomalous  disease,  which  is  essentially  characterised  by  a 
very  diseased  condition  of  almost  all  secretions,  viz.  the 
Epidemic  Cholera. 

As  occurring  in  India,  this  disease  was  characterised  by 
copious  vomiting  and  purging  of  a  watery  fluid,  (often  load- 
ed with  flakes  of  whitish  matter)  without  bile  ; — by  cramps, 
not  merely  of  the  legs,  but  often  pretty  general  over  the 
body, — and  by  rapid  sinking  of  the  heart's  action, — un- 
common shrinking  or  shrivelling,  coldness,  and  often  blue- 
ness  of  the  surface, — and  frequently  laborious  breathing  in 
the  later  stages,  as  in  other  cases  of  death  by  syncope  *. 
The  blood  was  always  observed  to  lose  its  power  of  coagula- 
tion, and  to  be  thick  and  dark-coloured,  very  soon  after  the 
attack  of  the  disease.  All  the  secretions,  excepting  those 
by  the  mucous  membranes  and  the  skin,  appeared  to  be 
nearly  suppressed  during  the  violence  of  the  disease,  but 
the  whole  duration,  whether  in  fatal  or  favourable  cases, 
was  seldom  more  than  two  or  three  days.  In  this  climate, 
there  is  this  essential  difference  from  the  usual  form  in 

"  See  p.  376. 
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India,  tliut  after  the  symptoms  above  mentioned  have  aba- 
ted, and  the  pulse  become  pretty  full  and  firm,  a  state  of 
fever,  more  or  less  distinctly  marked,  often  with  delirium, 
and  always  with  strong  tendency  to  Coma,  very  frequently 
supervenes,  and  may  be  fatal  strictly  in  the  way  of  coma,  at 
the  end  of  some  days,  or  even  a  fortnight  or  more  from  the 
attack.  During  this  febrile  or  comatose  state,  although  the 
secretion  of  bile  (of  morbid  quality)  is  generally  restored, 
that  of  urine  is  still  frequently  suppressed ;  or  if  passed  it 
is  generally  in  small  quantity,  and  of  light  specific  gravity, 
and  often  albuminous. 

Both  in  the  warmer  and  colder  climates,  it  has  been  dis- 
tinctly perceived,  that  the  spasms  of  the  limbs  are  not  merely 
the  effects  of  the  frequent  stools, — not  only  because  they  are 
more  general  than  those  of  the  common  cholera,  but  because 
they  have  often  been  violent  before  there  was  any  diarrhcea, 
and  continued  after  that  was  stopt,  even  after  apparent 
death  ; — again,  that  the  depression  of  the  heart's  action  is 
not  merely  the  effect  of  the  evacuations,  because  it  is  rapid 
and  excessise  in  some  cases  where  these  are  slight; — and 
lastly,  that  the  coldness  of  the  surface  is  not  merely  the  effect 
of  the  depression  of  the  heart's  action,  because  the  body  has 
often  become  warm  immediately  before,  or  even  after  death. 

The  most  important  additional  facts  which  have  been 
lately  ascertained  in  regard  to  the  clianges  in  the  epidemic 
Cholera  are,  that  the  blood,  deprived  of  much  of  its  watery 
constituents  by  the  diarrhcea,  is  found  to  contain  much  less 
water,  and  less  of  its  usual  saline  ingi-edients  than  in  health*; 
that  the  watery  dejections  consist  merely  of  the  serosity  of 
the  blood,  with  a  small  quantity  of  albumen  ;  and  that  in 
the  cases  of  long-continued  suppression  of  urine,  the  urea 
has  been  detected,  as  in  cases  of  diseased  kidneys,  in  the 
blood,  and  also  in  the  serum  of  the  shut  cavities  of  the  body. 

No  morbid  structure  has  been  ascertained  to  be  constant- 
ly present  in  the  bodies  of  persons  who  have  died  of  this 
disease.  A  great  variety  of  morbid  appearances,  found  in 
such  bodies,  have  evidently  existed  before  the  attack  of 
cholera;  otliers,  such  as  softness  of  the  mucous  membrane 

*  See  O'Shaughnessy,  Report  on  the  Cholera,  &c. 
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of  the  primae  vise,  and  unusual  development  of  the  mucous 
glands  there,  may  i-easonably  be  ascribed  to  the  obviously 
great  change  in  the  distribution  of  the  blood.  Slight  bloody 
elFusions,  or  ecchyraosis,  often  found  on  the  heart,  but  more 
especially  on  the  sympathetic  nerves  and  par  vagum,  al- 
though not  essential  to  the  disease,  and  probably  to  be  re- 
garded as  its  effects,  appear  to  be  important  as  affordiijg  an 
explanation  of  a  part  of  the  symptoms. 

The  mode  of  diffusion  of  this  disease  is  as  anomalous  as 
its  symptoms.  Although  a  few  cases  of  violent  diarrhoea 
or  cholera  (especially  such  as  might  be  traced  to  the  action 
of  poisonous  articles  of  diet),  have  shewn  symptoms  nearly 
approaching  to  those  of  this  epidemic  disease,  yet  it  is  cei- 
tain  that  no  such  disease  was  frequently  seen, — still  less 
did  any  such  prevail  epidemically, — in  any  part  of  the 
world  before  18  IT, — or  in  Europe  before  1829,  or  in  Bri- 
tain before  1831 ; — and  that  at  this  day  no  such  disease  has 
been  seen  in  many  towns,  villages,  or  districts  of  this  coun- 
try, while  in  others  it  has  been  very  destructive.  It  is 
quite  in  vain,  therefore,  to  attempt  to  refer  the  appearance 
and  extension  of  this  disease  to  the  agency  of  any  of  those 
causes  of  disease,  which  are  of  general  and  nearly  uniform 
operation  in  any  climate;  notwithstanding  that  such  causes 
may  very  often  have  appeared,  as  in  the  case  of  other  epi- 
demic diseases,  to  co-operate  in  exciting  the  disease  in  in-^ 
dividuals.  As  this  disease  has  hitherto  existed  only  within 
certain  assignable  limits  of  space  and  time,  so  its  main 
cause  must  be  one  of  local  and  temporary  agency. 

It  is  equally  certain,  that  this  disease  does  not  present 
the  usual  indications  of  one  which  arises  from  a  Malaria; 
for  instead  of  being  confined  to  certain  districts,  and  those 
of  similar  character  in  different  parts  of  the  world, — and 
of  appearing  and  disappearing  at  certain  seasons  or  in  cei*- 
tain  circumstances  only, — it  has  been  found  to  prevail  epide- 
mically in  all  climates  and  all  seasons,  and  although  perhaps 
most  frequently  in  low  moist  situations,  yet  repeatedly  in 
all  descriptions  of  localities. 

It  may  be  stated  farther,  with  coiifidoncc,  that  on  diffe- 
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rent  occasions,  and  particulai'ly  on  several  occasions  in 
Scotland,  where  the  introduction  of  the  disease  into  a  town 
or  district  previously  unaffected,  from  a  known  source  (i.  e. 
by  a  person  coming  from  a  place  where  the  disease  pre- 
vailed, and  falling  ill  of  it  in  another,  previously  untouched 
by  it),  has  been  carefully  watched, — it  has  been  observed, 
that  those  who  had  intercourse  with  the  sick  took  the  dis- 
ease, in  the  first  instance,  in  a  proportion  so  very  much 
greater  than  those  who  avoided  such  intercourse,  as  to  leave 
no  reasonable  ground  for  doubt,  that  it  possesses  a  certain 
degree  of  Contagious  property  *. 

It  is  no  objection  to  the  supposition  of  the  contagious  na- 
ture of  the  disease,  that  a  large  proportion  of  those  who 
have  free  intercourse  with  the  sick  remain  unaffected ;  for, 
where  the  disease  is  epidemic,  such  persons  are  necessarily 
,  exposed  to  the  local  and  temporary  cause  of  the  disease, 
whatever  it  be ;  and  their  exemption,  although  it  proves 
the  agency  of  that  local  cause  to  be  very  irregular  (and 
perhaps  contingent  on  conditions  not  yet  understood),  gives 
no  information  as  to  the  nature  or  origin  of  that  cause. 

But  Avhile  a  certain  degree  of  contagious  property  is  con- 
fidently attributed  to  the  disease,  it  must  at  the  same  time 
be  stated,  that  when  it  has  become  epidemic  in  towns  or 
districts,  many  persons  have  been  observed  to  be  attacked, 
who  had  certainly  no  intercourse  with  the  sick;  many  others, 
whose  intercourse  either  with  the  sick  or  with  any  thing 
that  could  have  been  in  contact  with  them,  must  have  been 
very  slight  and  ti-ansient ;  and  sometimes  it  has  not  ap- 
peared, that  those  who  had  full  and  free  intercourse  with 
the  sick,  were  affected  in  larger  proportion  than  either  of 
the  two  first-mentioned  classes  of  persons. 

From  these  facts  it  appears  to  be  a  perfectly  fair  infe- 
rence, that  either  the  disease,  besides  the  degree  of  conta- 
gious property  already  ascertained  to  belong  to  it,  has  ano- 
ther mode  of  extending  itself,  independent  of  contagion, 
and  not  yet  understood ;  or  else,  that  the  contagious  poison 
arising  from  those  affected  with  it,  acts  according  to  laws 

•  See  p.  361.  el  seq. 
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materially  dilferent  from  those,  which  regulate  the  diffu- 
sion of  other  contagious  diseases.  It  must  have  the  power 
of  extending  itself  to  a  very  considerable  distance  througli 
the  atmosphere,  so  as  to  affect  those  who  are  peculiarly 
liable  to  its  influence ;  and  again  its  action,  even  on  those 
the  most  fully  exposed  to  it,  must  be  very  much  dependent  on 
other  circumstances  in  their  situation.  Its  effect  must  bear 
no  proportion  to  the  quantity  of  it  introduced  into  the 
system  ;  and  its  virulence  must  be  liable  to  great  and  un- 
accountable variations  at  different  times. 

Perhaps,  when  the  whole  history  of  the  disease, — its  re- 
cent introduction  into  the  world,  and  its  generally  follow- 
ing the  great  lines  of  human  intei'course, — -are  taken  into 
account,  and  the  analogy  of  other  contagious  diseases  con- 
sidered, it  will  appear  more  reasonable  to  ascribe  these  sin- 
gular properties  to  a  specific  poison  of  human  origin,  than 
to  admit  two  distinct  causes  for  the  extensive  diffusion  of 
the  disease.  But  it  is  impossible  at  present  to  decide  with 
confidence  on  these  two  opinions,  and  very  difficult  to  per- 
ceive, how  observations  can  be  so  conducted,  as  to  obtain 
an  experimentum  crucis  on  the  subject. 

Two  important  facts,  in  regard  to  the  local  and  tempo- 
rary cause  of  the  disease  (whatever  be  its  nature),  seem 
well  ascertained,  viz.  1.  That  its  effect  on  the  persons  ex- 
posed to  it  is  sometimes  very  rapid,  and  sometimes  de- 
layed for  several  weeks ;  and  2.  That  the  effect  of  its  ap- 
plication is  very  dependent,  not  only  on  previous  predispo- 
sition, but  on  subsequent  contingencies;  avoiding  which 
may  probably,  in  many  cases,  suffice  to  avert  the  disease. 

The  concurrent  and  accessory  causes  which  seem  most 
efficient  in  determining  attacks  of  the  disease  are,  previous 
organic  diseases  unconnected  with  febrile  excitement,  in- 
temperance, and  previous  diarrhaea. 

As  the  whole  history  of  the  disease  shews  its  dependence 
on  a  local  and  temporary  cause,  so  its  essential  symptoms, 
and  the  mode  of  its  fatal  termination,  evidently  assimilate 
it  to  the  effect  of  Poisons  on  the  animal  economy,  niucli 
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more  tbau  to  the  phenomena  of  any  diseases  which  arise 
from  causes  of  more  uniform  occurrence. 

In  particular,  the  spasms  of  voluntary  muscles,  and  the 
very  rapid  depression  of  the  heart's  action, — certainly  not 
referable  merely  to  the  amount  of  evacuation  from  the  pri- 
mse  vise, — bear  a  close  resemblance  to  the  action  of  certain 
poisons,  and  to  other  malignant  epidemic  diseases  proceed- 
ing from  malaria  or  from  contagion,  e.  g,  yellow  fever  and 
plague.  And  the  analogy  to  other  eflFects  of  specific  or 
morbific  poisons  appears  farther  from  the  remarkable  ten- 
dency to  reaction  of  the  heart,  and  spontaneous  favourable 
termination,  observed  in  many  cases  of  the  disease,  and 
under  all  possible  variety  of  treatment. 

The  remarkable  effect  of  injection  of  large  quantities  of 
saline  solutions  into  the  veins,  in  causing  temporary  excite- 
ment of  the  heart  in  the  stage  of  collapse  or  extreme  de- 
pression in  this  disease,  shews  that  a  part  of  the  cause  of  the 
depressed  state  of  the  circulation  lies  in  the  altered  condi- 
tion of  the  blood  consequent  on  the  evacuations ;  but  the 
tendency  to  syncope  is  seen  too  early,  and  recurs  too  fre- 
quently and  too  rapidly,  after  the  full  amount  of  water  and 
salts  have  been  restored,  to  be  solely  referable  to  this  cause. 

The  stupor  in  the  later  stage  of  the  disease  may  cer- 
tainly be  ascribed  in  a  great  measure  to  the  suppression  of 
the  excretions,  particularly  of  the  ui'ine;  but  it  is  still 
doubtful  whether  this  may  not  be  in  part  also  a  direct  ef- 
fect of  the  morbific  poison. 

CHAPTER  X. 

OF  BISEASED  STATES  OF  NUTRITION'. 

We  here  treat  shortly  of  what  are  generally  called 
Organic  Diseases,  i.  e.  both  of  Preternatural  or  Morbid 
Growths  in  the  system,  and  also  of  Morbid  Changes  in  the 
form,  size,  or  texture  of  organs,  which  sometimes  take 
place  without  the  formation  of  any  new  growth. 
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These  organic  diseases  become  obvious  to  the  senses  only 
wlien  somewhat  advanced,  and  in  some  parts  of  the  body 
are  necessarily  concealed  while  life  lasts ;  but,  in  most  in- 
stances, their  existence  is  pretty  clearly  indicated  in  an 
earlier  stage,  partly  by  observation  of  the  diseased  condi- 
tions and  diseased  actions  from  which  they  may  be  expected 
to  result,  and  partly  by  observation  of  the  altered  functions 
of  the  parts  in  which  they  form,  or  with  which  they  are 
connected. 

We  first  enumerate  shortly  the  different  morbid  changes 
of  structure,  or  Organic  Lesions,  to  which  the  different  parts 
of  the  body  are  liable,  and  state  what  is  known  of  their  causes, 
and  afterwards  we  take  a  general  view  of  the  symptoms 
that  result  from  them,  and  the  consequences  to  be  expected 
from  them,  as  occurring  in  different  parts  of  the  system. 


SECTION  1. 

OF  MORBID  GROWTHS. 

One  kind  of  morbid  growths,  or  deposits  from  the  blood 
in  the  living  body,  has  been  already  mentioned,  and  the  mode 
of  their  formation  explained,  viz.  that  which  is  the  result 
of  distinct  inflammation,  and  consequent  exudation  of  coa- 
gulable  lymph.  The  new  deposits  thus  formed  in  the  body 
are  somewhat  various  (if  not  in  their  origin,  at  least  after 
they  have  existed  some  time),  according  to  the  textui-e  in 
which  they  have  taken  place ;  e.  g.  in  the  substance  of  the 
brain  or  lungs,  on  bones,  on  serous,  mucous,  or  fibrous 
membranes,  &c.  to  the  texture  of  which  parts  they  gra- 
dually become  more  or  less  assimilated.  Some  varieties  of 
morbid  growths  may  therefore  be  traced  to  simple  and 
healthy  inflammation  only.  But  it  has  been  already  stated, 
that  when  the  inflammation  causing  these  has  subsided,  such 
deposits,  in  the  perfectly  healthy  state  of  the  body,  are  gra- 
dually diminished  by  absorption,  and  the  symptoms  result" 
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ing  from  them  (although  sometimes  never  disappearing,  and 
often  easily  renewed),  gradually  abate. 

Many,  if  not  all,  the  new  productions  of  which  we  are  now 
to  treat,  may  be  traced,  in  many  individual  cases,  to  an  in- 
flammatory action,  and  even  to  a  distinct  exudation  of  lymph, 
in  their  commencement,  and  are  often  evidently  aggi'avatcd 
by  fresh  attacks  of  inflammation  during  their  progress ; 
but  in  other  cases  no  such  origin  can  be  detected;  and, 
even  when  they  do  originate  in  inflammation,  it  is  plain 
that  they  are  often  diff^erent,  in  their  own  texture,  from  the 
parts  in  which  they  form ;  and  farther,  that  they  are  not 
only  much  less  liable  to  absorption  than  the  simply  inflam- 
matory exudations,  but  go  on  increasing  after  all  surround- 
ing inflammation  has  ceased,  and  often  continue  to  draw 
supplies  from  the  blood,  notwithstanding  any  evacuations 
that  may  be  practised.  AVhether  they  originate  in  inflam- 
mation or  not,  they  imply  a  continued  perversion  of  nutri- 
tion. The  epithet  parasitical  is  fairly  applied  to  them; 
and  it  is  obvious  that  other  conditions  besides  inflammatory 
action  are  concerned  in  producing  and  maintaining  them. 

The  same  observations  apply  to  the  cases,  in  which  there 
is  reason  to  believe  that  tumors,  of  various  kinds,  and  in 
diflbrent  parts  of  the  body,  originate  in  coagula  of  effused 
blood  *. 

In  connexion  with  this  essential  peculiai'ity  of  these  truly 
morbid  textures,  it  is  to  be  remarked,  that  according  to  the 
observations  of  Schr^eder  Van  der  Kolk,  the  vessels 
ramifying  in  such  growths  have  almost  exclusively  the  ap- 
pearance of  minute  arteries ;  whereas  in  the  false  mem- 
branes from  inflammation,  many  of  them  are  veins  f . 

We  consider  the  coagulable  lymph,  efi^used  by  inflamma- 
tion, as  the  simplest  kind,  and  often  the  basis  of  morbid 
growths;  but  from  this  there  are  many  degenerations;  and 
many  difl^rent  classifications  of  adventitious  textures  have 
therefore  been  attempted,  founded  on  distinctions  which 
are  of  real  importance,  but  none  of  which  are  found  to  be 
uniformly  observed. 

•  See  p.  393.  f  Observat.  Aiiat.  PathoL  p.  4C. 
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Thus,  tliere  is  a  distinction  between  those  deposits  which 
are  truly  new  to  the  system,  existing  nowhere  in  the  healthy 
state,  and  those  which  are  only  found  in  new  situations ; 
but  many  tumors  contain  matter  of  both  kinds,  being,  e.  g. 
fatty  or  bony  in  some  parts,  and  tubercular  or  scirrhous  in 
others. 

There  is  a  distinction  between  those  morbid  growths 
which  consist  of  membranous  and  vascular  coverings,  in- 
closing matter,  whether  solid  or  fluid,  which  is  not  vascu- 
lai',  and  those  which  are  vascular,  and  oi'ganized  in  their 
interior,  and  grow  from  within  outwards  *;  but  a  cluster  of 
tubercles,  of  whatever  kind,  is  first  of  the  former  descrip- 
tion,  and  afterwards,  when  the  individuals  composing  the 
cluster  have  coalesced,  it  may  be  said  to  be  of  the  latter. 

There  is  a  distinction,  often  of  the  greatest  importance, 
between  those  morbid  formations  which  are,  in  the  lan- 
guage of  some  pathologists,  essentially  malignant, — the 
growth  or  varied  changes  of  which  cannot  be  prevented 
from  proceeding,  and  affecting  the  system  at  large, — and 
those  which  are  either  inert  in  themselves,  or  innocent  in 
regard  to  the  general  health ;  but  tumours  which  assume 
the  former  character  are  often  not  to  be  distinguished,  du- 
ring great  part  of  their  progress,  from  those  which  remain 
inert  for  life. 

There  is  a  distinction,  perhaps  the  most  practically  im- 
portant of  any,  between  those  morbid  deposits  which  are 
merely  local,  and  those  which  are  generally  found  to  take 
place  simultaneously  or  successively  in  various  parts  of  the 
body ;  but  the  same  kinds  which  are  strictly  local  in  one 
case,  are  found  very  generally  extended  in  others. 

This  last  distinction,  however,  we  shall  observe  as  far  as 
possible. 

I.  Of  morbid  growths,  which  are  generally  local,  the  most 
important  may  be  included  under  the  following  heads : 

1.  The  simplest  in  structure  are  the  Serous  Cysts,  i.  e.  shut 
sacs,  containing  serum,  and  formed  of  condensed  cellular  sub- 

•  See  ScHRiEDEii  Van  der  Kolk,  Observationes,  &c.  p.  15. 
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stance  resembling  the  serous  membranes ;  which  are  formed 
gradually  around  a  clot  of  blood,  or  any  foreign  substance  in 
the  system,  and  are  frequently  developed  spontaneously  in 
various  parts  of  the  body ;  e.  g.  in  the  brain  (especially  when 
developed  in  the  choroid  plexus),  in  the  kidneys,  in  the  liver, 
in  the  ovaries.  They  are  frequently  attached  to  the  natural 
serous  membranes,  but  sometimes  quite  separate  from  these; 
sometimes  solitary,  sometimes  set  together  in  clusters;  and 
their  size  and  shape  are  very  various.  They  must  be  dis- 
tinguished from  enlargements  of  natural  cavities,  such  as 
the  calices  of  the  kidneys,  or  Graafian  vesicles  in  the  ovaries. 
They  are  often  unconnected  with  disease  of  the  adjacent 
textures  ;  but  in  some  cases,  these  textures  are  found  either 
wasted  by  absorption,  or  disorganized  by  inflammation 
around  them.  There  is  no  evidence  of  their  being  generally 
connected,  in  their  commencement,  with  inflammatory  ac- 
tion ;  and  when  they  are  small,  their  existence  is  often  not 
denoted  by  any  symptoms  whatever. 

Now,  from  this  simple  type  of  diseased  structure,  there 
are  many  gradual  deviations.  When  within  one  of  these 
serous  cysts,  which  is  attached  to  the  surrounding  textures, 
we  find  along  with  its  fluid  contents  one  or  more  (often  a 
number)  of  similar  cysts  nearly  or  quite  unattached,  we 
apply  the  name  of  Hydatids,  These  are  often  found  in  the 
hnman  body,  chiefly  in  the  cellular  substance,  liver,  kid- 
neys, and  uterus.  From  the  circumstance  of  these  se- 
rous cysts  being  often  quite  loose,  and  of  various  sizes,  ap- 
parently drawing  nourishment  from  the  fluid  in  which  they 
float,  from  their  shewing  a  kind  of  vital  contraction  when 
cut,  and  from  the  fluid  contained  in  them  being  often  pel- 
lucid, while  that  of  the  larger  cysts  surrounding  them  is 
turbid  or  even  purulent,  they  have  been  thouglit  to  possess 
an  independent  vitality.  And  if  this  point  be  still  doubt- 
ful as  to  the  greater  number  of  hydatids  found  in  the  human 
body,  and  in  which  no  distinction  of  organs  is  perceptible, 
(Acephalocysts  of  L^ennec),  it  is  generally  allowed  that 
such  independent  vitality  does  belong  to  other  nearly  simi- 
lar bodies,  found  in  the  same  situations,  sometimes  in  the 
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human  system,  more  frequently  in  other  animals,  but  in 
which  a  head,  and  mouths  or  suckers,  may  be  perceived 
(Cysticercus  and  Polycephalocyst,  &c  *.) 

Again,  the  simple  serous  cyst  approaches  to,  and  some- 
times probably  is  gradually  transformed  into,  the  various 
kinds  of  Encysted  Tumors,  which  may  form  probably  in 
any  part  of  the  body  that  has  the  cellular  structure  ;  and 
have  received  various  names  according  to  the  nature  of 
their  contents,  e.  g.  Hygroma,  when  they  contain  a  neai*- 
ly  serous  or  seropurulent  fluid,  or  encysted  dropsy,  if 
they  be  of  very  large  size;  Hsematoma,  when  their  con- 
tents are  bloody ;  Steatoma,  when  they  approach  more 
nearly  to  the  appearance  and  consistence  of  fat ;  and 
Atheroma,  and  Cold  or  Chronic  Abscess,  when  they  contain 
purulent  matter  of  more  or  less  consistence,  without  having 
been  preceded  by  distinct  marks  of  inflammation.  *Some- 
times  substances  distinct  from  any  found  in  the  healthy 
body,  or  substances  which  in  the  natural  state  exist  only  in 
individual  parts  of  the  system,  {e.g.  Cholesterine)  are  found 
in  the  interior  of  these  encysted  tumors.  Those  tumors, 
of  this  kind,  which  are  of  a  considerable  size,  are  often 
formed  of  a  congeries  of  such  cysts,  and  their  contents'in 
the  same  tumor,  are  often  very  various,  as  is  seen  remark- 
ably in  the  most  common  case  of  enlargement  of  the  ovary, 
which  appears  to  consist  in  gradual  distention  and  altera- 
tion of  the  fluid  contents  of  the  Graafian  vesicles. 

Farther,  not  only  the  contents,  but  the  coats  or  enve- 
lopes of  these  cysts,  are  subject  to  a  great  variety  of 
changes,  becoming  in  some  cases  fibrous  or  cartilaginous, 
or  having  bony  matter  deposited  irregularly  through  them. 

2.  In  many  cases,  though  not  in  all,  we  can  clearly  dis- 
tinguish from  these  encysted  tumors,  (where  the  organized 
secreting  substance  is  external  to  the  chief  bulk  of  the  mor- 
bid growth)  tumors,  the  organization  of  which  is  so  far  dif- 
ferent, that  their  substance  is  penetrated  throughout  by  a 
vascular  cellular  or  fibrous  structure,  in  which  they  are 

•  See  Andrai.,  Precis,  cS:c.  t.  i.  p.  512;  and  Kerr  in  CyclopiKdia  of 
Practical  ^Icdicine,  art.  Hydatids. 
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nourisbcd,  and  by  which  they  are  often  divided  into  lobules. 
These  are  generally  called  Sarcomatous  tumors;  and  the 
simplest  example  is  the  common  Vascular  Sarcoma,  which 
consists  merely  of  condensed  cellular  substance,  and  may 
be  found  in  any  cellular  texture,  but  is  often  seen  in  the 
mammae  and  testes.  But  according  to  the  diflferent  situa- 
tions they  may  occupy,  and  the  different  texture  of  which 
they  may  consist,  (sometimes  probably  from  their  original 
formation,  and  sometimes  in  consequence  of  gradual  trans- 
formation) tumors  of  the  same  general  structure  have  re- 
ceived different  names.  Adipose  Sarcoma  or  Ceroma,  when 
of  fatty  or  waxy  consistence;  Polypus,  when  projecting  from, 
and  often  closely  resembling  the  structure  of,  mucous  mem- 
brane ;  Neuroma,  when  seated  on  a  nerve,  or  when  growing 
on  its  sheath,  and  splitting  up  and  separating  its  fibrils; 
Chondroma,  or  Fibro-cartilaginous  tumor,  when  traversed 
by  numerous  bands  or  striae  of  the  consistence  of  cartilage ; 
and  Osteo-Sarcoma,  when  containing  much  bony  deposition. 
In  many  instances,  the  differences  in  these  morbid  textures 
may  be  ascribed  to  their  partaking  more  or  less  of  the  nature 
of  the  sound  texture  in  which  they  are  developed ;  but  in 
some,  no  similarity  of  the  diseased  structure  to  the  sur- 
rounding healthy  parts  can  be  observed.  In  some  cases, 
as,  e.  g.  in  the  coats  of  the  stomach  or  intestines,  it  may  be 
observed  that  the  formation  of  such  morbid  growths  is  pre- 
ceded by  simple  thickening  and  hardening  of  the  sound  cel- 
lular texture,  a  part  of  which  only  afterwards  assumes  the 
strictly  morbid  appearance. 

We  have  no  means  of  certainly  distinguishing  by  appear- 
ance in  their  early  stage,  the  hard  swellings,  seen  chiefly  in 
the  most  vascular  and  sensible  parts  of  the  body, — the  mam- 
mse,  testes,  penis,  lips,  lymphatic  glands,  cardia,  pylorus, 
cfficum,  and  above  all  in  the  os  uteri, — and  to  which  the 
name  of  Scirrhus  and  Cancer  are  given,  from  others  above 
enumerated,  and  especially  from  those  called  Fibro-cartila- 
ginous ;  but  the  history  of  the  affections  is  widely  different, 
the  latter  remaining  often  inert  for  many  years ;  while  the 
former  continue  gradually,  although  slowly,  to  increase,  are 
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followed  after  a  time  by  an  extension  of  the  diseased  ap- 
pearance to  the  surrounding  textures,  are  soon  attended 
%vith  much  pain,  and  ultimately  with  much  constitutional 
disturbance,  and  pass  very  generally  in  the  end  into  partial 
but  irremediable  fungoid  ulceration. 

11.  Other  kinds  of  moi'bid  growths  frequently  occurring 
in  the  body,  appear  distinctly,  and  from  the  first,  to  depend 
more  on  constitutional  peculiarity ;  because  they  are  found 
from  their  commencement  to  originate  at  different  points, 
often  in  many  parts  of  the  same,  or  even  of  different  or- 
gans ;  and  because  in  many  cases  their  deposition  becomes 
ultimately  very  general  over  the  body. 

1.  Perhaps  the  most  frequent  and  important  of  this  class 
of  adventitious  textures,  are  the  Tubercles  already  consider- 
ed, as  a  form  of  scrofulous  disease,  and  probably  often  a  pro- 
duct of  scrofulous  inflammation. 

But  besides  the  strictly  scrofulous  tubercles,  there  is  a 
very  numerous  class  of  organic  diseases,  depending  essential- 
ly on  the  deposition  in  different  parts  of  the  body,  of  nu- 
merous small  gi'anular  bodies,  so  nearly  similar  to  the  scro- 
fulous tubercles,  that  they  often  cannot  be  distinguished 
from  them  in  their  earliest  stage,  and  therefore  often  call- 
ed Tubercles,  but  which  are  commonly  found  at  a  more  ad- 
vanced period  of  life,  and  run  in  general  a  somewhat  dif- 
ferent course.  They  are  for  the  most  part  also  of  a  more 
irregular  form,  and  more  unequal  size,  than  the  most  cha- 
racteristic  specimens  of  the  scrofulous  tubercles  ;  but  some 
of  them  are  always  nearly  spherical,  and  some  of  the  true 
scrofulous  tubercles  are  of  very  irregular  form  ;  and  in  their 
first  stage,  these  granular  deposits,  as  well  as  the  scrofu- 
lous tubercles,  appear  to  consist  of  concrete  albumen. 
These  are  most  commonly  found,  and  most  important  as 
occurring,  in  the  Liver,  in  the  Kidneys,  and  in  the  coats  of 
the  Arteries ;  but  exactly  similar  deposits  are  common  in 
other  parts,  especially  in  the  serous  membranes.  They  not 
only  present  in  their  commencement,  the  same  appearance 
in  these  different  textures,  but  very  often  they  are  found 
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in  two  or  more  of  these  in  the  same  person,  and  apparently 
about  the  same  stage  of  progress.  lu  the  liver  and  kidneys 
it  may  be  distinctly  perceived,  that  the  first  step  to  their 
formation  is  the  increase  or  hypertrophy  of  the  greyish 
condensed  cellular  texture,  which  is  interposed  among  the 
different  portions  of  the  glandular  substance  *;  in  the  ar- 
teries they  are  found  chiefly  in  the  first  instance  between 
the  middle  or  fibrous  and  inner  coat,  but  they  frequently 
occupy  a  large  portion  of  both  coats.  They  are  found  very 
frequently  on  the  inner  membrane  of  the  left  side  of  the 
heart,  and  its  duplications  forming  the  valves, — but  rarely 
in  the  veins  or  in  the  right  side  of  the  heart. 

It  is  important  to  observe,  that  when  these  granular  de- 
posits are  formed  on  membranes,  while  they  add  to  the 
thickness,  they  are  generally  attended  with  shrinking  or 
corrugation  of  the  superficial  extent  of  these  membranes. 
This  is  very  obvious,  when  such  deposits  form  on  the  mem- 
branous expansions  forming  the  valves  of  the  heart,  and 
on  the  omentum.  When  they  form  in  irregular  patches, 
on  the  peritoneal  coat  of  the  liver,  from  the  same  cause 
they  occasion  partial  compression  and  absorption  of  its  sub- 
stance ;  and  thereby  give  it  a  rough  or  granulated  appear- 
ance, even  when  it  is  little  diseased  internally ;  and  when 
they  form  on  the  peritoneal  coat  of  the  intestines,  they  like- 
wise shorten  or  corrugate  that  membrane,  and  so  disturb 
the  functions  of  muscular  fibres  beneath  it,  as  to  lead  to 
habitual  increased  action  and  hypertrophy  of  these  fibres. 

In  all  these  situations,  these  granular  or  tubercular  de- 
posits, often  so  materially  impede  the  functions  of  the  parts 
in  which  they  are  formed,  and  thereby  so  influence  others, 
in  modes  to  be  afterwards  explained,  as  to  caufee  death  he- 
fore  they  liavp  themselves  undergone  much  change.  But 
when  their  formation  is  not  so  extensive  as  to  be  rapidly 
fatal,  they  become  liable  to  changes  which  vary  remark- 
ably in  different  parts,  and  in  different  cases.  In  the  aorta 
and  other  arteries,  they  soon  become  blended  with  irregu- 
lar atheromatous,  fatty,  cartilaginous,  or  bony  deposits,  de- 

•  Andbal,  Precis,  &c.  t.  ii.  p.  o>!5. 
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stroying  the  flexibility  and  elasticity  of  these  vessels  ;  and  at 
the  same  time  with  partial  vilcerations  of  their  inner,  and 
often  likeM'ise  of  their  middle  coat.  In  the  liA^er  and  kid- 
neys they  sometimes  coalesce  in  clusters,  and  pass  on  pret- 
ty rapidly  to  suppuration,  nearly  in  the  same  way  as  tuber- 
cles of  the  lungs ;  but  much  more  frequently  they  merely 
enlarge  more  slowly  for  a  time,  and  harden,  and  by  their 
pressure  on  the  healthy  substance  of  the  gland,  cause  so 
much  absorption  of  it,  that  ultimately  the  whole  organ  of- 
ten shrinks  (while  its  natural  structure  is  nearly  obliterated) 
to  less  than  its  original  bulk.  At  the  same  time,  in  the  liver, 
these  tubercles  often  acquire  a  deep  yellow  colour,  and  in 
that  state  have  been  described  by  Laennec  under  the  name 
of  Cirrhosis.  On  the  serous  membranes  such  originally 
tubercular  deposits  frequently  become  cartilaginous,  and 
then  bony. 

2.  In  almost  all  parts  of  the  body  we  occasionally  meet 
with  irregular,  but  encysted  deposits,  of  a  very  peculiar  cha- 
racter, larger,  softer,  generally  of  a  whiter  colour,  and  grow- 
ing more  rapidly  than  any  kind  of  tubercles,  generally  aflfect- 
ing  several  textures  in  the  same  person,  and,  when  they 
form  on  the  mucous  membranes,  or  come  to  the  surface  of 
the  body,  often  pouring  out  blood;  to  which,  from  their  re- 
semblance to  the  substance  of  the  brain,  the  names  of  Ence- 
phaloid  matter  and  of  Medullary  Sarcoma  have  been  given  ; 
and  again,  from  their  usual  form,  and  the  haemorrhages 
connected  with  them,  that  of  Fungus  Haematodes. 

Tumors  of  this  kind  in  internal  parts  frequently  soften 
in  their  centres,  and  pass  into  unhealthy  suppuration,  after 
the  manner  of  clusters  of'  tubercles;  and  in  external  parts, 
or  on  the  mucous  membranes,  they  usually  pass  on  to  in- 
tractable ulceration. 

This  morbid  texture  has  been  often  found  in  all  the  or- 
gans of  the  body,  which  are  resolvable  into  cellular  texture, 
chiefly  in  those  that  are  fully  supplied  with  blood,  as  the 
testes,  uterus,  mamma",  lungs,  liver,  and  serous  and  mu- 
cous membranes, — often  also  in  the  fccines,  or  their  mem- 
branous envelopes. 
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It  is  found  at  all  times  of  life,  but  always  in  connexion 
with  a  feeble  and  irritable  state  of  the  constitution.  Tu- 
mors of  this  description  may  be  said  to  pass  by  insensible 
degrees,  on  the  one  hand,  in  young  subjects,  into  the  true 
tubercles,  as  in  cases  of  tuberculated  accretions  on  the 
peritoneum,  described  by  Baron  and  others ;  and  in  the 
other,  in  older  subjects,  into  the  cirroma  or  chondroma,  or 
even  the  ti'ue  scirrhus,  and  in  the  same  morbid  mass,  these 
diflferent  textures  are  sometimes  evidently  mixed. 

The  morbid  texture  described  by  Laennec  under  the 
name  of  Colloid,  and  distinguished  by  its  gelatinous  con- 
sistence and  translucency,  may  probably  be  considered  as  a 
variety  of  the  encephaloid  matter. 

3.  Another  morbid  formation  of  rare  occurrence,  but 
when  occurring,  generally  observed  in  different  parts  of 
the  system  at  the  same  time,  is  that  called  Melanosis, 
which  is  easily  distinguished  by  its  black  colour  (excepting 
only  in  the  case  of  the  lungs,  where  other  diseased  condi- 
tions may  assume  this  colour  from  foreign  matters  intro- 
duced there)  and  soft  consistence.  It  has  been  found,  and 
often  grows  rapidly,  in  almost  all  parts  which  have  the  cel- 
lular texture,  sometimes  inclosed  in  cysts,  sometimes  loose- 
ly deposited  on  the  surface  of  membranes,  or  through  the 
substance  of  organs,  but  seems  always  to  be  destitute  of  or- 
ganization, and  to  be  liable  to  no  other  change  than  reduc- 
tion to  a  fluid  consistence. 

The  matter  of  this  diseased  structure  appears  to  be  mere- 
ly blood  which  has  undergone  some  chemical  change,  chief- 
ly in  its  colouring  matter ;  and  some  cases  of  the  disease 
appear  to  approach  nearly  to  cases  of  Purpura,  where  blood 
is  extravasated  in  various  parts,  and  with  less  change  of 
any  of  its  qualities.  The  melanosis  is  observed  chiefly  in 
old,  and  almost  always  in  debilitated  persons. 

The  following  observations  appear  to  be  of  importance 
in  regard  to  all  the  organic  diseases  which  are  distinctly 
of  constitutional  origin,  i.  e.  the  Tubercular,  (especially 
the  scrofulous),  the  Encephaloid,  and  the  Melanotic. 

1.  The  deposition  of  these  peculiar  matters  appears  often 
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to  be  much  increased,  if  not  actually  cletermined,  by  attacks 
of  inflammatory  disease, — perhaps  especially  of  those  inflam- 
mations which  often  succeed  febrile  and  weakening  dis- 
eases. In  such  cases  the  morbid  deposits  are  not  confined 
to  the  parts  in  which  symptoms  of  inflammation  appear  ; 
but  by  this  circumstance  the  symptoms  of  the  diseases, 
which  are  followed  by  these  morbid  formations,  are  neces- 
sarily rendered  various,  because  very  frequently  complex. 

2.  While  the  matter  of  these  morbid  textures  is  concen- 
trated into  distinct  tumors  in  certain  parts  of  the  body,  it 
is  very  often  irregularly  diff"used  or  infiltrated  through  the 
cellular  texture  of  other  parts,  especially  of  parts  adjoining 
that  where  the  chief  deposition  has  taken  place.  Thus  we 
have  the  substance  of  the  lungs  very  often  infiltrated  with 
tubercular  matter,  at  the  same  time  that  circumscribed  tu- 
bercles are  disseminated  through  it,  and  especially  cluster- 
ed together  at  its  upper  part;  and  similar  infiltration  of 
encephaloid,  or  of  melanotic  matter  takes  place,  into  the 
texture  of  various  parts,  especially  if  adjoining  those  in  which 
tumors  of  these  descriptions  exist. 

3.  The  matter  of  all  these  morbid  textures,  but  especial- 
ly of  the  encephaloid  and  the  melanosis,  (the  formation  of 
which  is  much  more  rapid  than  that  of  any  other  morbid 
growths),  is  often  found,  not  only  in  adjoining  textures,  but 
especially  in  the  nearest  lymphatic  glands ;  and  also  in  the 
veins  leading  from  the  parts  in  which  they  are  chiefly  de- 
posited, and  sometimes  in  other  veins  of  the  body. 

4.  It  is  an  important  fact  also,  in  the  history  of  all  these 
diseases,  that  after  the  removal  of  a  limb,  in  which  any  one 
of  them  has  existed  for  some  time,  it  is  common  to  observe 
fatal  disease  of  some  internal  organ,  which  on  dissection 
appears  to  have  resulted  from  deposition  of  a  similar  matter. 

The  morbid  matter  of  the  true  Scirrhus  and  Cancer  is  of- 
ten found  likewise  infiltrated  through  the  organs  in  the 
immediate  neighbourhood  of  those  most  diseased,  as  in  the 
usual  affection  of  the  fundus  uteri,  where  there  is  cancer- 
ous ulceration  at  the  os  tincae;  and  such  matter  is  found 


560 


OUTLINES  OF  PATHOLOGY. 


also,  often  in  the  lymphatic  glands,  and  sometimes  in  the 
blood  of  the  veins,  leading  from  these  parts;  but  this  is  only 
in  the  advanced  stage  of  such  diseases,  at  which  time  we 
know,  that  similar  formations  are  very  apt  to  take  place  in 
other  parts  of  the  body,  or  in  the  same  if  the  most  diseased 
portion  be  excised ; — i.  e.  that  the  disease  which  was  at  first 
local  has  become  constitutional,  or  acquired  tlic  character 
to  which  some  authors  affix  the  epithet  Malignant. 

It  seems  to  be  partly  in  consequence  of  the  gi-eat  tenden- 
cy to  similar  deposition  from  the  arteries  in  the  immediate 
neighbourhood  of  any  of  this  class  of  diseased  growths,  that 
the  pressure  of  them  on  the  surrounding  parts  leads  very  of- 
ten to  adhesion  and  agglutination  of  these  to  each  other,  and 
to  that  which  is  most  diseased ;  as  we  see  in  the  almost  uni- 
form close  adhesions  of  the  pleurae  in  phthisis  pulmonalis, 
and  in  the  very  frequent  adhesions  of  the  different  viscera 
of  the  pelvis  in  scirrhus  uteri.  By  the  deposition  of 
morbid  matter  in  the  coats  of  the  vessels  themselves,  they 
are  often  much  obstructed,  and  therefore  ultimately  receive 
a  less  supply  of  blood  than  in  the  healthy  state,  even  while 
the  diseased  formations  are  still  advancing.  In  the  case  of 
the  melanosis,  however,  perhaps  by  reason  of  the  peculiar 
change  in  the  composition  of  the  blood,  this  tendency  to 
adhesion  of  the  surrounding  textures  is  much  less  observed. 

There  is  yet  another  description  of  morbid  growths,  the 
origin  of  which  may  be  conjectured  to  be  peculiar,  viz.  the 
soft  fungous  excrescences  (or  v^egetations)  often  seen  adhe- 
ring to  the  valves  of  the  heart,  particularly  when  these  are 
otherwise  diseased,  and  chiefly  in  subjects  otherwise  un- 
healthy. As  these  excrescences  are  often  precisely  of  the 
same  nature  as  the  fibrinous  concretions  found  in  the  same 
cavities,  and  as  there  is  much  reason  to  suppose,  from  the 
varying  appearances  of  these  concretions,  and  sometimes 
from  distinct  appearances  of  organization  in  them,  that 
they  must  have  been  forming  gradually  for  some  time  be- 
fore death, — it  appears  highly  probable  that  the  fungous  ex- 
crescences are  formed  from  them. 
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SECTION  11. 

OF  ALTERATIONS  OF  TEXTURES  WITHOUT  THE  FORMATION 

OF  NEW  GROWTHS. 

The  following  is  an  enumeration  of  the  most  important 
of  these  changes. 

1.  Although  we  stated  that  preternatural  softening,  and 
preternatural  hardening  of  textures,  were  often  the  direct 
and  unequivocal  effects  of  inflammation,  acute  or  chronic,  we 
must  also  admit  that  there  are  examples  of  hoth  these  al- 
terations of  the  consistence  of  various  textures,  without 
any  evidence  of  preceding  inflammation,  to  be  ascribed  only 
to  perversion  of  nutrition.  The  brain,  spinal  cord,  the  lungs, 
the  liver,  the  spleen,  the  kidneys,  the  muscular  substance  of 
the  heart  and  of  the  uterus,  are  found  in  some  cases  more 
or  less  partially  softer  than  natural,  in  cases  that  have  been 
perfectly  chronic,  without  change  of  colour,  without  any 
inflammatory  efl'usions  aroundthem,  with  derangement  of 
the  functions  of  the  parts,  but  without  any  symptoms  re- 
sembling inflammation  before  death.  The  mucous  mem- 
brane of  the  stomach  is  often  found  remarkably  softened, 
when  there  is  much  alteration  of  the  secretions  formed  in 
it,  and  probably  chiefly  by  the  action  of  that  secretion,  but 
without  clear  evidence  of  any  inflammatory  action  pi'ece- 
ding  these  changes.  The  inner  membrane  of  arteries  is 
sometimes  remarkably  softened,  and  disposed  to  rupture, 
with  very  injurious  eff^ects  on  the  circulation,  but  without 
any  clear  indication  of  the  cause  of  the  aff'ection  *. 

The  most  general  and  unequivocal  example  of  softening 
of  textures  independent  of  inflammation,  is  the  great  de- 
ficiency of  earthy  matter,  and  softening  of  the  bones  in 
Rickets;  which  is  attended  with  a  vascular  state  of  the 
bones,  but  neither  presents  the  symptoms,  nor  proceeds 
from  the  causes,  nor  is  benefited  by  the  remedies,  of  inflam- 
mation.   Some  cases  of  the  Mollities  Ossium  of  adults  are 

*  See  TunNEB,  in  Edin.  Med,  Chir.  Trans,  vol.  iii. 
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probably  of  the  same  character ;  but  it  would  appear  that 
other  cases  described  under  that  name  have  really  depended 
on  soft  tumors  growing  from  the  internal  membrane,  and 
causing  absorption  of  much  of  the  substance  of  the  bones 
themselves. 

Preternatural  hardness,  without  preceding  inflammation, 
and  without  morbid  deposits,  is  probably  a  rarer  case ;  but 
may  occur  in  the  different  parts  mentioned,  perhaps  most 
certainly  and  unequivocally  in  the  brain. 

2.  Degeneration  of  various  textures  takes  place  occasionally 
by  more  gradual  alteration  of  the  elements  composing  them, 
without  any  morbid  growth,  or  alteration  of  natural  forms  ; 
as  in  the  rare  case  of  fatty  degeneration  of  the  heart,  where 
its  muscular  fibres  gradually  assume  nearly  the  appearance 
of  fat ;  and  in  the  common  case  of  fatty  alteration  of  the 
liver,  where  every  section  of  it  presents  a  surface  besmeared 
with  an  oily  matter.  There  are  cases,  chiefly  in  old  per- 
sons, of  conversion  of  great  part  of  the  arterial  coats  into 
cartilage  and  bone,  mthout  either  inflammatory  appear- 
ances, or  change  of  the  form  or  size  of  the  tubes.  There  are 
many  cases  of  organic  alteration  of  the  liver  and  kidneys, 
in  which  these  organs  become  of  a  paler  colour,  and  firmer 
and  more  uniform  consistence  than  natural,  but  no  distinct 
morbid  growths  can  be  observed,  and  which  would  seem  to 
be  efifected  merely  by  gradual  change  of  the  mode  of  nutri- 
tion of  the  natural  texture.  The  voluntary  muscles  undergo 
an  essential  change  of  texture,  as  well  as  great  diminution 
of  bulk,  under  the  influence  of  the  poison  of  lead,  in  colica 
pictonum  ;  and  there  are  a  few  cases  in  which  they  are 
subjected  to  a  complete  transformation,  into  fatty,  or  near- 
ly cartilaginous  substance,  independently  of  the  growth 
of  any  morbid  texture  in  the  intermuscular  cellular  sub- 
stance, to  cause  compression  and  absorption  of  their  fibres. 

3.  It  is  important  to  understand  distinctly  the  diff"erent 
conditions  under  which  Hypertrophy,  or  simply  increased 
bulk,  of  natural  textures  may  be  observed. 

a.  It  has  been  already  stated,  that  increase  of  the  bulk  of 
sound  textures  sometimes  results  simply  from  the  gradual 
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organization  of  the  lymph  thrown  out  on  them  by  inflamma- 
tion. This  is  seen,  e.  g.  in  the  case  of  bones,  and  in  that 
of  mucous  membranes,  and  of  fibrous  membranes  or  liga- 
ments, after  some  inflammations  of  these  textures.  But  in 
the  greater  number  of  cases,  where  permanent  increase  of 
bulk  follows  inflammation,  it  is  attended  with  some  change 
of  texture. 

b.  The  greaternumber  of  cases  of  hypertrophy  of  an  organ 
which  we  meet  with,  are  cases  where  its  function  is  preter- 
naturally  excited,  and  the  flow  of  blood  to,  and  nourish- 
ment of,  the  organ  (always  very  dependent  on  the  state  of 
the  changes  going  on  at  the  extremities  of  the  capillaries), 
are  thereby  augmented.  Thus  it  is,  that  all  the  voluntary 
muscles  increase  both  in  bulk  and  strength  from  frequent 
exercise,  that  the  glandular  substance  of  the  mammae  swells 
during  lactation,  &c.  ;  and  just  on  the  same  principle, 
when  one  of  the  lungs,  or  one  of  the  kidneys,  is  rendered 
unfit  for  its  function,  the  blood  makes  its  way  in  increased 
quantity,  in  the  direction  where  the  change  it  is  destined 
to  undergo  in  these  organs  can  be  eff'ected,  and  the  oppo- 
site lung  or  kidney  gradually  acquires  a  great  increase  of 
bulk,  without  change  of  texture. 

So  also,  when  there  is  a  demand  for  increased  action  of 
the  Heart,  in  consequence  of  the  existence  of  any  disease  of 
the  valves  on  its  left  side,  or  of  the  aorta,  impeding  the 
transmission  of  blood,  it  is  gradually  brought  into  a  state 
of  hypertrophy,  or  what  has  been  called  active  aneurism, 
either  of  its  whole  substance  or  of  the  parietes  of  the  cavity 
most  exposed  to  the  increased  stimulus ;  and  this  most  rea- 
dily in  a  constitution  otherwise  healthy. 

When,  along  with  this  increased  action,  and  increased 
bulk  of  the  heart,  there  is  a  full  quantity  of  blood  in  the 
body,  the  cavities  of  the  heart  are  usually  found  dilated  at 
the  same  time  that  their  parietes  are  thickened ;  but  when 
the  quantity  of  blood  in  the  body  is  much  diminished,  the 
tonic  contraction  of  the  thickened  fibres  of  the  heart,  which 
is  no  longer  distended,  occasions  a  diminution  of  the  size  of 
its  cavities. 

N  n  2 
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Again,  when  the  Bladder  is  frequently  and  strongly  ex- 
cited to  action,  in  consequence  of  stricture  of  the  urethra, 
or  enlarged  prostate,  or  other  obstacle  to  the  discharge  of 
the  urine,  or,  without  such  obstacle,  in  consequence  of  an 
inflamed  state  of  its  mucous  membrane,  its  muscular  fibres 
undergo  the  very  same  change.  In  this  case,  probably  by 
reason  of  the  supply  of  fluids  to  the  interior  of  the  cavity 
being  so  much  less  than  in  the  case  of  the  heart,  the  tonic 
contraction  of  the  enlarging  muscular  fibres,  produces  very 
generally  a  diminution  of  the  size  of  the  cavity. 
"  The  Stomach  has  been  sometimes  observed  to  increase 
enormously  in  size,  and  its  muscular  fibres  to  be  unusually 
strong,  when  there  has  been  some  obstruction  at  the  pylo- 
rus, without  disease  of  the  coats  of  the  stomach,  and  when 
probably  the  reception  of  ingesta  has  not  been  naturally  di- 
minished. Again,  when  there  has  been  chronic  inflamma- 
tion and  ulceration  of  the  mucous  membrane  of  the  sto- 
mach, and  consequent  excitement  of  its  muscular  fibres,  it 
has  been  found  much  contracted.  And  in  some  cases,  the 
muscular  fibres  of  the  intestines  have  been  found  in  a  state 
of  hypertrophy,  when  there  has  been  chronic  impediment 
to  the  passage  of  their  contents. 

c.  There  are  other  cases  where  hypertrophy  of  some  part 
of  the  sound  textures  is  found  as  the  only,  or  the  original 
disease,  and  when  no  cause  for  that  alteration  of  the  nutri- 
tion is  detected.  In  a  few  cases  of  hypertrophy  of  the 
heart,  no  adequate  cause  for  the  afi^ection  is  perceived  in 
the  state  of  the  valves  or  of  the  aorta.  The  brain  has  been 
sometimes  found  in  a  state  of  hypertrophy,  of  which  the 
marks  are,  unusual  dryness  of  all  its  surfaces,  diminution 
of  the  usual  interval  between  the  convolutions,  and  close 
apposition  of  the  sides  of  the  ventricles,  without  inflamma- 
tory symptoms  or  appearances,  or  other  indications  of  dis- 
ease. The  bones  (e.  g.  of  the  head)  are  sometimes  found 
generally  thickened,  or  aff'ected  with  partial  exostosis,  in 
cases  where  chronic  disease,  consequent  on  tlie  compression 
of  the  contents  of  the  cranium  by  t£e  enlarged  bone,  is  the 
only  precursor  of  death.   Partial  thickening  of  the  cellular 
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membrane  in  various  parts,  and  of  the  mucous  membrane 
of  the  intestines,  or  of  their  mucous  glands,  are  occasion- 
ally found  when  there  have  been  no  inflammatory  symp- 
toms, nor  any  symptoms  that  can  be  reasonably  ascribed  to 
this  change.  In  tho  case  of  the  cellular  and  adipose  mem- 
brane, such  partial  hypertrophy  of  the  sound  texture  is 
sometimes,  though  by  no  means  uniformly,  a  prelude  to 
the  formation  of  morbid  growths.  The  spleen  has  been 
often  found  in  a  state  of  hypertrophy,  without  deposition  of 
any  morbid  matter  into  it,  and  with  hardly  any  change  of 
its  consistence,  especially  perhaps  in  cases  of  suppression 
or  retention  of  the  menses.  The  thyroid  gland  is  often  af- 
fected with  hypertrophy,  and  sometimes  with  other  changes 
in  the  endemic  bronchocele,  and  sometimes  in  situations 
where  the  disease  does  not  prevail,  and  from  causes  which 
are  unknown.  In  the  same  countries  where  bronchocele 
is  endemic,  cretinism  is  also  frequent ;  and  in  that  singular 
affection,  there  is  distinct  hypertrophy  of  the  bones,  and  it 
has  been  stated  likewise,  of  the  nerves  of  the  face,  with  de- 
ficiency of  nourishment  of  the  cranium  and  brain ;  and 
these  affections  seem  to  depend  on  peculiarities  either  of  the 
air  or  water  of  the  districts. 

4.  Atrophy  of  living  textures  (besides  being  in  a  few 
cases,  as  formerly  stated,  a  result  of  inflammation)  is  often 
observed  as  a  consequence  of  disuse  of  an  organ, — afford- 
ing another  illustration  of  the  dependence  of  nutrition  on 
causes  which  act  at  the  extremities  of  the  circulation.  Thus 
the  optic  nerve  has  been  often  found  wasted,  not  only  in 
cases  of  amaurosis,  but  in  cases  of  blindness  from  disease  of 
the  coats  or  humours  of  the  eye-ball.  Muscles  have  been 
found  so  much  wasted,  in  consequence  of  very  long  inaction, 
that  the  greater  part  of  their  substance  could  hardly  be  dis- 
tinguished from  cellular  texture*;  and  whole  limbs  kept  long 
at  rest,  as  by  disease  of  the  joints,  are  apt  either  to  waste, 
or  to  be  so  limited  in  their  growth,  as  to  appear  shrunk 
and  withered  in  comparison  of  the  corresponding  limbs. 

Again,  atrophy  of  any  living  texture  is  occasioned  by 
compression,  which  is  known,  and  may  be  casilf^  enough 
"  Andral,  Precis,  &c.  t.  i.  p.  240. 
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conceived,  to  increase  the  absorption  from  it,  if  not  abso' 
lutcly,  at  least  relatively  to  the  amount  of  deposition. 
Hence  the  growth  of  any  of  the  morbid  textures  above 
mentioned,  as  well  as  the  effusion  of  any  product  of  in- 
flammation, is  very  apt  to  cause  atrophy  of  the  suiTounding 
textures,  or  even  of  that  in  which  they  are  themselves  de- 
veloped,— as  we  see  in  the  case  of  tubercular  deposits  in  the 
liver  and  kidneys  already  mentioned,  in  that  of  tumors  grow- 
ing from  the  skull  or  dura  mater,  or  of  serum  effused  with- 
in the  ventricles  compressing  the  substance  of  the  bi'ain,  &c. 
In  some  such  cases,  if  the  pressure  be  rapid,  inflammation 
and  some  of  its  consequences  are  produced  at  the  same  time. 

There  are,  further,  some  cases  of  atrophy  of  individual 
organs  which  cannot  bo  ascribed  to  any  such  cause.  Whole 
limbs,  during  their  growth,  are  sometimes  affected  in  this 
way.  Lameness  in  old  persons  from  mere  interstitial  ab- 
sorption of  the  neck  of  the  thigh-bone,  is  another  example. 
And,  in  some  such  cases,  the  absorption  is  partial  and  irre- 
gular, giving  the  appearance  of  ulceration  or  of  caries, 
.where  there  has  been  no  decided  previous  inflammation. 

5.  There  are  alterations  of  the  structure  of  organs,  ef- 
fected in  the  course  of  certain  chronic  diseases,  apparently, 
at  least  in  a  great  measure,  by  a  process  more  strictly  me- 
chanical than  any  yet  mentioned.  Of  this  kind  the  most 
remarkable  are, 

a.  The  dilatation  without  hypertrophy,  or  passive  aneu- 
rism of  the  heart,  consequent  on  obstruction  to  the  exit  of 
blood  from  it,  chiefly  in  a  weakly  habit  of  body,  when  the 
excitement  of  the  heart,  by  the  unusual  amount  of  its  sti- 
mulus is  feeble,— sometimes  apparently  produced  merely 
by  morbid  debility  of  its  fibres,  as  after  some  cases  of  rheu- 
matism affecting  them. 

b.  The  dilatation  and  rupture  of  the  air-cells  of  the 
lungs,  known  by  the  name  of  Emphysema  of  the  lungs, 
consequent  in  many  instances  on  chronic  bronchitis,  but 
especially  consequent  on  it  in  those  spasmodic  affections  of 
the  air-passages  (asthma  and  bronchitis)  where  there  are 
violent  fits  of  coughing,  implying  frequent  and  forcible  ex- 
piration, and  c-ompression  of  the  texture  of  the  luugs;  and 
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at  the  same  time  constriction  of  the  passages  by  which  the 
air  is  expelled.  The  characters  of  this  change  of  structure 
are,  unusual  lightness  and  pale  colour,  and  somewhat  en- 
larged bulk  of  the  pulmonary  substance,  the  air -vesicles 
seen  beneath  the  pleura  larger  and  more  distinct  than  usual, 
and  sometimes  bullae  containing  air  projecting  from  the 
surface  of  the  lungs,  and  empty  cavities  in  their  interior, 
formed  by  the  rupture  of  many  air-cells,  and  the  effusion 
of  air  into,  and  distention  of,  the  common  cellular  substance 
of  the  lungs.  The  mode  of  formation  of  this  organic  le- 
sion appears  perfectly  well  illustrated  by  the  occasional  oc- 
currence of  spontaneous  emphysema,  even  extending  to  the 
subcutaneous  cellular  texture  of  the  body,  in  cases  of  vio- 
lent cough  with  constriction  at  the  larynx,  and  in  cases  of 
voluntary  forcible  suppression  of  cries,  as  during  labour. 

c.  The  great  enlargement  of  the  bronchial  tubes,  leading 
sometimes  to  almost  complete  absorption  and  obliteration 
of  the  proper  pulmonary  substance,  which  attends  some 
cases  of  chronic  bronchitis,  with  very  copious  secretion  of 
mucus;  although  the  conditions  which  determine  this,  rather 
than  the  last-mentioned  change,  are  not  understood. 

d.  The  great  distention  of  the  ureter  and  pelvis  of  the  kid- 
ney, and  consequent  absorption  and  obliteration  of  its  pro- 
per glandular  substance,  consequent  in  many  cases  on  ob- 
struction of  the  ureter,  whether  from  a  calculous  concretion, 
or  disease  of  the  bladder,  uterus,  or  other  adjoining  parts. 

e.  The  gradual  unfolding  of  the  convolutions  of  the  brain 
in  cases  of  chronic  hydrocephalus,  where  there  has  been 
very  great  and  gradually  increasing  distention  of  the  ven- 
tricles by  serous  fluid; — for  although  the  whole  change, 
and  particularly  the  absorption  of  the  medullary  substance 
that  intervenes  between  the  ventricles  and  bottom  of  the 
convolutions  cannot  be  explained  in  this  mechanical  way, 
yet  the  change  on  the  convolutions  themselves  appears  to 
be  simply  mechanical. 

f.  The  formation  of  the  small  encysted  tumors  called 
Meliceris  on  the  surface  of  the  body,  by  the  obstruction  of 
the  ducts  of  the  small  sebaceous  glands. 
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y.  Tlie  formation  of  the  encysted  tumor  called  Ranula 
beneath  the  tongue,  by  obstruction  of  the  ducts  of  the  sub- 
lingual or  submaxillary  gland. 

h.  The  partial  expansion  of  certain  of  the  fibres  of  bones, 
and  formation  of  those  tumors  upon  them  called  Spina  Ven- 
tosa,  in  consequence  of  inflammation,  and  of  the  formation  of 
morbid  growths  in  their  internal  medullary  membrane  *. 

There  is  yet  another  question,  of  the  greatest  importance, 
in  regard  to  many  of  the  organic  changes  of  structure  which 
we  have  enumerated,  viz.  whether  after  they  have  once  ta- 
ken place,  the  adventitious  matter  which  has  been  deposit- 
ed, or  the  alteration  of  natural  size  or  form  which  has  been 
effected,  maybe  reabsorbed,  or  restored  to  the  natural  state  ? 

It  may  be  confidently  asserted,  that  the  latter  of  these 
changes  is  much  more  easily  effected  than  the  former ;  the 
hypertrophy  of  the  heart,  e.  g.  may  be  ascertained  some- 
times to  diminish  so  remarkably,  when  it  proceeds  from  a 
cause  (such  as  lymph  effused  on  the  pericardium)  which  is 
capable  of  diminution,  that  we  .may  infer  that  it  would 
wholly  disappear,  if  the  cause  exciting  it  could  be  wholly 
removed.  And  from  the  changes  of  the  symptoms,  we  are 
well  assured  that  the  emphysema  of  the  lungs  {e.g.  after 
hooping-cough)  may  entirely  subside,  when  the  aflPection  of 
the  air-passages,  in  which  it  originates,  has  disappeared. 

It  is  pi'obable  that  adventitious  textures,  which  have 
fairly  acquired  their  distinctive  characters,  are  hardly  if  at 
all  liable  to  absorption  ;  but  we  can  scarcely  ever  judge  with 
confidence  during  life,  as  to  the  time  when  they  are  so  fully 
formed  and  characterized  ;  and  we  have  good  reason  to  be- 
lieve, that  in  their  incipient  stage,  some  of  them  at  least 
are  susceptible  of  absorption ;  from  what  we  see  in  some 
instances  of  tumors  on  the  surface  of  the  body,  and  from 
what  we  can  observe  in  some  cases  also  of  the  effects  of 
remedies  and  regimen  on  persons,  in  whom  there  are  very 
gtrDng  grounds  for  believing  that  internal  organic  lesions 
of  these  lands  have  commenced.    It  may  be  stated  in  ge- 

•  See  Craigie's  General  and  Pathological  Anatomy,  p.  5C8. 
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neral,  that  we  have  the  best  illustrations  of  this  remark,  in 
tlie  effect  of  the  antiphlogistic  regimen,  of  the  habitual  use 
of  antiphlogistic  remedies  in  a  moderate  extent,  and  of 
some  of  the  remedies  called  Alteratives,  in  some  of  the 
cases  where  there  is  threatening  of  those  organic  diseases, 
which  are  in  the  first  instance  strictly  local;  and  again, 
in  the  effect  of  various  articles  of  regimen  and  remedies, 
of  the  class  called  Tonics,  in  some  of  the  cases  where  there 
is  I'eason  to  apprehend  that  tubercular  deposits,  or  others 
of  the  class  which  we  have  described  as  constitutional, 
have  already  commenced. 

SECTION  III. 

OF  THE  CAUSES  OF  THESE  ORGANIC  LESIONS. 

Referking  to  what  has  been  formerly  said  of  the  remote 
causes  of  disease  in  general,  a  brief  statement  will  suffice 
here,  of  the  conditions  under  which  these  different  organic 
diseases  appear  to  be  formed. 

1.  It  has  already  been  stated,  (p.  393,  and  410)  that  both 
the  lymph  that  has  been  thrown  out  by  inflammation,  and' 
the  blood  that  has  been  extravasated  in  haemorrhage,  may 
in  certain  constitutions  "be  converted  into  various  kinds  of 
tumors  ;  and  therefore  it  may  easily  be  understood,  that  al- 
most all  varieties  of  organic  lesions  should  often  have  been 
observed  to  originate  in  external  injuries,  or  other  exciting 
causes  of  inflammation,  or  in  the  circumstances  in  which  it 
has  been  stated  that  heemorrhages  are  common. 

In  particular,"  it  may  be  observed,  that  begfdes  the  scro- 
fulous tubercles  already  considered,  those  very  common  or- 
ganic diseases  of  the  heart,  the  liver,  and  the  kidneys, 
which  consist  essentially  in  minute  granular  deposits  tak- 
ing place,  on  the  lining  membrane  of  the  heart  and  aorta,  or 
in  the  coats  of  the  latter,  or  in  the  substance  of  these 
glands,  may  very  often  be  traced  to  the  action  of  the  causes 
of  inflammation,  (both  predisponcnt  and  occasional) ;  and 
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especially  to  the  repeated  or  habitual  application  of  these ; 
and  may  also  be  distinctly  observed  in  many  cases,  to  com- 
mence with  febrile  attacks,  and  with  more  or  less  of  the 
usual  symptoms  of  inflammation  affecting  these  parts.  And 
that  this  should  be  especially  observed  of  organic  diseases 
of  this  description  is  easily  understood,  when  it  is  remem- 
bered, that  the  first  organic  change  in  such  cases  consists  in 
the  augmentation  of  the  dense  cellular  texture  of  these  parts, 
i.  e.  of  a  texture  quite  similar  to  that,  which  is  the  natural 
product  of  inflammatory  exudation. 

We  can  have  no  difficulty,  therefore,  in  admitting  in- 
flammation, chiefly  chronic,  as  a  frequent  origin  of  this  par- 
ticular class  of  organic  diseases.  This  may  also  be  con- 
cluded, as  in  the  case  of  scrofulous  tubercles,  from  our  of- 
ten finding  on  dissection  the  usual  indications  of  inflamma- 
tion combined  with,  and  even  passing  gradually  iiUo,  the 
organic  lesions  now  in  question.'  But  it  must  at  the  same 
time  be  allowed,  that  many  of  the  inflammatory  appearances 
found  after  death  in  connexion  with  such  organic  lesions,  are 
posterior  to  them  in  date;  and  it  is  further  to  be  remarked, 
Jirst,  that  acute  and  well  marked  inflammation  very  sel- 
dom affects  a  whole  organ,  or  pair  of  organs,  so  general- 
ly as  this  form  of  organic  disease  does ;  secondly,  that  the 
operation  of  some  other  cause  than  inflammation  must  be 
admitted  in  all  those  cases,  in  which  distinctly  adventi- 
tious textures  are  ultimately  developed  ;  thirdly,  that  in 
some  of  the  cases  of  organic  disease  commencing  by  these 
granular  deposits,  neither  the  application  of  the  external 
causes  of  inflammation,  nor  the  symptoms  of  the  first  stage 
of  inflammation,  can  at  any  time  be  detected ;  and  lastly, 
that  in  the  cases  where  such  adventitious  textures  are  ulti- 
mately found,  even  if  they  appear  to  commence  with  in- 
flammatory symptoms,  and  are  treated  early,  the  usual  re- 
medies for  inflammation  are  found  less  effectual  than  in 
other  cases ;  and  in  the  more  advanced  stages,  when  the 
perversion  of  nutrition  is  fairly  established,  they  are  often 
totally  inefficient,  and  contra-indicated  by  the  other  cir- 
cumstances of  the  disease. 
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Experience  shews,  that  it  is  on  persons  who  have  been 
weakened  (especially  if  recently  and  rapidly  weakened)  by 
evacuations,  by  febrile  disease,  by  impure  air  and  an  inac- 
tive mode  of  life,  by  defective  nourishment,  by  mental  de- 
pression, or  above  all,  by  the  debilitating  effect  of  strong 
liquors,  especially  distilled  spirits,  taken  to  excess, — that 
cold  or  other  exciting  causes  of  inflammation  so  take  ef" 
feet,  as  to  excite  the  diseases  in  question  ;  and  when  these 
predisposing  causes  have  acted  with  full  eflFect,  a  very 
slight  apjftcation  of  the  exciting  causes  (especially  if  re- 
peated) is  often  effectual  for  this  purpose,  where  a  more 
powerful  exciting  cause  would  probably  have  determined 
an  attack  of  acute  inflammation.  It  would  appear  to  be  a 
general  fact,  that  when  the  circumstances  of  the  living 
body  are  such,  that  the  living  actions,  and  the  healthy  nu- 
trition of  the  various  textures  contained  in  it,  are  slightly 
or  inadequately  excited  by  the  natural  stimuli,  destined  to 
act  upon  them,  there  is  always  a  gi'eater  facility  of  the  de- 
velopment of  such  organic  disease,  as  depends  on  morbid 
growths  or  perverted  nutrition. 

We  can  frequently  assign  at  least  a  probable  cause  for 
the  seat  of  the  organic  lesion  which  the  concurrence  of  such 
causes  as  have  now  been  mentioned  may  occasion. 

For  example,  the  Heart  is  peculiarly  apt  to  suffer  from 
such  disease  in  persons  who  have  had  its  action  frequently 
and  strongly  excited  by  general  muscular  exertion,  by  ex- 
ertions of  voice  in  particular, — perhaps  also,  by  mental 
agitation.  The  Liver  has  been  observed  to  be  peculiarly 
disposed  to  suffer  in  four  distinct  cases,  ^rsf,  in  the  inhabi- 
tants of  hot  climates,  where  it  is  habitually  subjected  to 
a  peculiar  stimulus;  secondly,  in  persons  in  whom  there 
exists  any  impediment  to  the  free  motion  of  the  venous 
blood  within  the  chest,  and  consequent  congestion  of  that 
blood  in  the  liver ;  thirdly,  in  persons  who  have  recently 
suffered,  or  are  occasionally  suffering  from  attacks  of  inter- 
mittent fever,  with  similarvenous  congestion  ;  and  fourth^ 
ly,  in  persons  addicted  to  the  use  of  distilled  spirits,  where, 
by  reason  of  the  great  venous  absorption  from  the  primee 
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viae,  the  liver  may  be  supposed  to  be  peculiarly  exposed  to 
the  action  of  that  stimulus.  The  case  in  which  the  Kid- 
neys have  perhaps  been  most  frequently  observed  to  suffer, 
is  that  where  the  exciting  cause  of  the  disease  has  been  a 
copious  draught  of  cold  liquid  taken  when  the  body  was 
heated,  and  where  it  may  be  supposed,  that  the  effect  of  the 
impression  produced  by  the  cold  was  determined  to  the 
kidneys  by  the  stimulus  always  given  to  their  secretion 
by  sudden  dilution  of  the  blood. 

For  the  varying  kinds  of  adventitious  texttfre,  which 
may  be  found  in  different  individuals,  under  the  influence 
apparently  of  the  same  external  causes,  we  can  in  general, 
in  the  present  state  of  our  knowledge,  assign  no  reason 
whatever.  With  the  exception  of  the  scrofulous  tubercles, 
and  of  the  medullary  sarcoma,  the  different  morbid  struc- 
tures that  have  been  mentioned  may  be  said  to  be  affec- 
tions of  advanced  rather  than  of  early  life.  The  true 
scirrhus  and  cancer  are  never  seen  in  early  life.  This  kind, 
of  organic  disease  is  neai'ly  confined  to  the  most  vascular 
and  sensible  parts  of  the  body ;  and  in  the  case  of  the  uterus 
and  mammae,  is  most  apt  to  take  place  in  them  about  the 
time  when  the  secretions  formerly  taking  place  there  are 
finally  suppressed.  This  and  others  of  the  rarer  forms  of 
organic  diseases  have  in  some  instances  appeared  to  be 
hereditary,  but  this  is  not  nearly  so  well  ascertained  of  any 
of  these,  as  of  the  scrofulous  tubercles. 

All  that  we  can  state  in  regard  to  the  rationale  of  these 
formations  in  the  animal  economy  is  as  follows  : 

1.  As  we  have  seen  reason  to  believe,  that  the  varieties  of 
the  vital  act  of  nutrition,  in  the  different  parts  of  the  body  in 
the  healthy  state,  cannot  be  explained  by  variety  in  the  form 
or  contractile  powers  of  vessels,  but  must  be  referred  to  a 
variety  of  those  vital  powers  by  which  the  chemical  pheno- 
mena of  the  living  body  are  determined, — so  we  cannot  sup- 
pose that  the  deviations  from  the  healthy  state  of  nutrition 
now  in  question  can  ever  be  explained  in  any  other  way,  than 
by  referring  them  to  changes  in  the  Vital  Affinities  of  the 
solids  and  fluids  of  the  system.  We  have  every  reason  to  be- 
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lieve,  that  these  changes,  as  well  as  the  vital  affinities  in 
the  natural  state,  are  subjected  to  certain  fixed  laws.  Of  this 
we  see  probably  an  illustration  in  the  similarity  of  the  de- 
posits which  take  place  in  very  different  parts  of  the  body, 
in  many  of  these  organic  diseases  ;  and  again,  in  the  relation 
which  the  deposits  resulting  from  simple  inflammation  in 
each  texture,  bear  to  the  chemical  nature  of  the  texture  it- 
self   Another  illustration  of  the  subjection  of  such  morbid 
changes  to  certain  fixed  laws,  is  the  fact  observed  by  Laen- 
NEC  and  others,  that  when  the  lymph  thrown  out  in  pleurisy 
is  deeply  stained  wth  blood,  the  adventitious  membrane 
that  results  becomes  cartilaginous,  or  even  bony  *.  But 
until  the  chemical  part  of  Physiology  be  more  advanced,  it 
is  in  vain  to  look  for  the  determination  of  laws  in  the  che- 
mical Pathology  of  diseases. 

2.  In  the  mean  time,  it  is  important  to  observe  the  cir- 
cumstances above  stated,  in  which  the  natural  vital  affini- 
ties existing  in  the  healthy  system  appear  most  apt  to  un- 
dergo changes. 

3.  It  is  easy  to  understand,  that  the  morbid  deposits  will 
take  place  from  the  blood  most  readily  in  those  circum- 
stances in  which  effusions  of  the  fluid,  or  exudations  of  the 
more  solid  parts  of  the  blood,  may  be  eflfected  in  a  body 
previously  quite  healthy ;  and  therefore,  that  congestions  of 
blood,  and  inflammatory  action,  should  so  frequently  pre- 
cede and  evidently  determine  the  appearance  of  these  or- 
ganic diseases.  Chronic  inflammation  appears  to  have 
more  effect  in  this  way  than  acute,  probably  both  because 
its  duration  is  longer,  and  because  the  blood  in  the  diseased 
parts  is  subjected  to  less  pressure,  and  allowed  to  stagnate 
longer,  than  in  acute  inflammation. 

4).  In  the  case  of  those  organic  diseases  which  are  strictly 
local,  it  is  by  no  means  clear,  and  often  it  is  improbable, 
that  any  deviation  from  the  natural  state  of  the  blood, 
throughout  the  body,  exists;  although  the  vital  affinities  by 
which  the  products  formed  from  it  at  one  spot  are  deter- 
mined, have  undergone  a  change.    But  in  the  case  of  those 

•  Trait(^  de  I'Auscultation,  &c.  t.  ii.  p.  121. 
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deposits  which  take  place  simultaneously,  or  in  quick  suc- 
cession in  many  diiferent  textures  and  organs,  we  have  good 
ground  for  believing  that  the  blood  itself  has  undergone  a 
change,  partly  perhaps  in  its  chemical,  but  more  particu- 
larly in  its  vital  properties. 

5.  It  is  probable,  from  the  examples  we  occasionally  see, 
of  extensive  deposits  of  morbid  matter  taking  place  very 
rapidly,  in  persons  in  whom  there  is  no  indication  (from 
previous  symptoms,  or  post-mortem  appearances)  that  any 
such  disease  had  formerly  existed, — that  the  diseased  state 
of  the  blood  concerned  in  such  productionsmay  exist,  where 
no  morbid  deposits  from  it  have  yet  occurred.  But  we 
have  also  reason  to  think,  that  the  blood  is  gradually  de- 
teriorated in  consequence  of  the  existence  of  any  local  dis- 
ease, in  which  feertain  pi'oducts  are  deposited  from  it;  and 
the  observation  of  morbid  matter  being  found  in  the  veins 
leading  from  such  diseased  parts,  and  the  comparison  of 
this  with  facts  formerly  stated  as  to  suppuration  *,  enable 
us  in  a  great  measure  to  understand  how  this  deteriora- 
tion of  the  blood  may  be  accomplished,  and  how  diseases 
originally  local  may  become  constitutional ; — a  portion  of 
blood  which  passes  through  the  vessels  of  the  diseased  parts 
probably  undergoes  the  same  degeneration  as  that  which  is 
there  extravasated,  and  the  morbid  matter  thus  formed,  and 
circulating  in  the  blood,  is  afterwards  determined,  either  to 
that  or  any  other  part  in  which  diseased  action  may  be 
established ;  nearly  in  the  same  manner  as  Urea,  circulating 
in  the  blood,  is  determined  to  the  kidneys,  or  uric  acid  to 
parts  affected  with  gout,  where  it  is  deposited  in  concre- 
tions. 

But  even  while  our  information  as  to  the  intimate  nature 
of  the  processes  by  which  these  organic  lesions  are  formed, 
continues  as  limited  as  at  present,  it  is  obvious,  that  our 
knowledge  of  the  causes  from  which  they  originate,  of  the 
symptoms  by  which  they  may  be  recognised,  and  of  the  dan- 
gers to  which  they  may  lead,  may  be  extended  and  corrected, 
and  applied  to  useful  purposes ; — sometimes  to  the  prevcn- 
•  P.  438  and  9. 
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tion  of  such  diseases,  often  to  the  detection  of  them  in 
their  earlier  stages ;  that  it  may  often  enahle  us  to  remove 
causes  hy  which  they  may  be  aggravated, — and  to  counter- 
act those  ultei-ior  changes  which  frequently  supervene  up- 
on them  and  increase  their  danger ;  and  that  by  it  we  should 
regulate  our  practice  in  regard  to  them,  even  when  it  has 
become  obvious  that  the  only  rational  object  of  that  practice 
is  the  I'elief  of  suffering. 

SECTION  IV. 

OF  THE  SITUATIONS,  SYMPTOMS,  AND  FATAL  EFFECTS  OF 
THESE  ORGANIC  LESIONS. 

We  here  attempt  a  very  genei'al  outline  of  the  kinds  of 
these  organic  lesions  generally  found,  and  the  effects  they 
generally  produce,  in  the  different  organs,  or  sets  of  organs, 
employed  in  the  principal  functions  of  the  body. 

From  what  has  been  said  of  their  frequently  originating  in, 
or  being  repeatedly  aggravated  by,  inflammation,  and  from 
what  has  been  formerly  said  of  change  of  functions,  and, 
among  others,  of  secretions,  in  internal  parts,  forming  great 
part  of  the  symptoms  of  inflammation  in  these,  it  will 
readily  be  understood,  that  the  symptoms  of  organic  dis- 
eases in  internal  parts  should  in  general  very  closely  re- 
semble, and  often  be  hardly  distinguishable  from,  those 
of  the  more  chronic  inflammations  of  the  same  parts,  or 
of  the  altered  secretions  of  these,  already  considered.  In- 
deed it  is  often  only  by  the  continuance  of  the  complaint, 
by  the  experienced  inefficacy  of  ordinary  remedies,  and  by 
the  increasing  weakness  and  emaciation  attending  it,  that 
the  existence  of  Organic  Disease  is  made  known. 

It  may  be  stated  in  general,  that  Pain  is  little  to  b*e  de- 
pended on  as  a  mark  of  organic  disease.  It  may  be  felt 
strongly  when  there  is  no  such  disease,  and  be  intense  when 
such  disease  is  slight,  as  when  the  fibres  of  a  nerve  are 
compressed  or  stretched ;  it  may  be  absent  when  the 
disease  is  very  dangerous;  and  although  the  most  ma- 
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liguant  organic  diseases  are  often  attended  with  acute  pain, 
yet  it  is  usually  liable  to  great  and  long  remissions.  It  is 
very  often  to  be  regarded,  therefore,  rather  as  an  acciden- 
tal concomitant,  than  as  an  essential  constituent  of  such  dis- 
eases. And  in  general,  these  diseases  are  to  be  recognised 
much  more  by  alterations  of  sensible  qualities,  or  derange- 
ment of  functions,  which  may  be  detected  by  the  senses  of 
the  practitioner,  than  by  such  uneasy  sensations  as  are 
known  only  through  the  complaints  of  the  patient. 

I.  In  the  Organs  of  Circulation,  by  far  the  most  com- 
mon kind  of  organic  disease  is  that  which  affects  chiefly 
the  inner  membrane  of  tlie  heart  and  larger  arteries.  In 
both  situations  this  membrane  is  very  liable  to  become 
thickened  and  corrugated  by  deposits  of  lymph  in  irregular 
patches,  or  in  the  tubercular  or  granular  form  mentioned 
before,  which,  in  the  arteries,  soon  extend  to,  or  even  ori- 
ginate in,  the  middle  coat  also.    That  these  deposits  are 
frequently  the  result  of  inflammation  (sometimes  pretty 
acute,  more  frequently  clironic)  appears  chiefly  from  three 
facts,  first.  That  the  symptoms  of  disease  of  the  heart, 
which  are  ultimately  ascertained  to,  depend  upon  them,  of- 
ten commence  suddenly,  from  the  causes,  and  with  the  in- 
dications of  inflammatory  disease ;  secondly,  That  they  are 
often  intimately  combined  with  such  appearances  on  the 
inner  membrane, — (thickening  and  softening,  and  exudation 
of  layers  of  soft  lymph,  or  small  purulent  deposits  behind 
it), — as  unequivocally  denote  inflammation ;  and  thirdly. 
That  these  changes  on  the  inner  membrane  of  the  heart, 
and  aorta,  as  well  as  the  effusion  of  lymph  in  the  pericar- 
dium, appear,  from  the  history  of  cases  where  they  are 
found,  frequently  to  result  from  the  metastasis  of  Rheu- 
matism. 

But  in  some  .cases,  where  these  appearances  in  the  lining 
membrane  of  the  heart  and  aorta  are  found,  the  disease  is 
known  to  have  commenced  gradually,  and  without  febrile 
or  inflammatory  symptoms ;  and  in  all  cases  the  changes  in 
this  texture  are  very  apt  to  continue  and  extend  beyond 
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tlie  usual  effects  of.  inflammation ;  the  inner  surface  of  the 
vessel  becomes  irregularly  studded  over  with  patches  of 
dense  opaque  matter,  of  the  kinds  described  as  atheroma, 
steatoma,  cartilage  and  bone  ;  the  last  of  which  is  deposited 
irregularly,  and  in  the  arteries  very  often  simultaneously 
with  irregular  ulceration.  These  changes  extend  to  the  fi- 
brous coat  of  the  arteries,  their  whole  texture  becomes  thick- 
ened, rigid,  and  inelastic,  and  their  calibre  is  in  general  ir- 
regularly enlarged. 

From  these  changes  in  the  different  branches  of  arteries, 
various  formidable  diseases  manifestly  originate. 

1.  When  the  ulceration  effected  at  any  one  part  of  an  ar- 
tery is  such  as  to  cause  the  entrance  of  blood  into  the  cavity 
thus  formed,  and  its  stagnation  there,  the  exterior  ntem- 
brane,  which  resists  the  ulceration,  is  gradually  distended, 
and  the  Aneurism  of  Scarpa,  or  pulsating  tumour  on  an  ar- 
tery, formed  by  blood  which  has  penetrated  the  two  inner 
coats,  and  distended  the  outer,  is  established.  In  other 
instances,  it  must  be  admitted,  that  aneurismal  sacs  or 
pouches  are  formed  on  arteries,  of  the  mode  of  formation 
of  which  we  tiave  no  such  accurate  knowledge.  These  an- 
eurisms are  found  in  very  various  parts  of  the  body,  chiefly, 
as  may  be  readily  supposed,  at  flexures  of  the  arteries  ;  and 
as  they  enlarge,  they  compress  and  cause  absorption  of  all 
surrounding  textures ;  their  pulsations  are  in  most  parts 
perceptible  to  the  touch,  and  sometimes,  when  within  the 
thorax,  and  not  to  be  reached  by  the  finger,  may  be  detect- 
ed and  distinguished  from  those  of  the  heart  by  the  stetho- 
scope. Their  other  symptoms  are  very  various,  depending 
sometimes  on  the  degree  of  obstruction  to  the  cii'culation 
which  they  present, — sometimes  on  the  disturbance  of  the 
functions  of  the  parts  in  their  neighbourhood, — often  chief- 
ly on  the  nerves  which  they  stretch  or  compress,  and  in 
the  sentient  extremities  of  which  they  excite  sympathe- 
tic pains.  These  effects  of  aneurisms  are  sometimes  fatal 
without  any  rupture  of  the  sac ;  but  they  are  more  fre- 
quently fatal  by  rupture  and  discharge  of  blood,  either  ex- 
ternally, or  into  some  cavity  of  the  body, — the  interior  of 
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the  cranium,  the  larynx  or  traclica,  the  stomach  or  bowels, 
the  cavity  of  the  thorax,  or  abclomeu,  or  pericardium. 

2.  From  the  rigid,  inelastic,  and  brittle  state  of  the 
smaller  arteries  of  the  brain,  arises  very  often  their  easy 
rupture  on  occasion  of  sudden  determination  to  the  head, 
and  either  fatal  apoplexy  or  palsy  ;  or,  even  independently 
of  rupture,  such  a  deranged,  probably  retarded,  state  of  the 
circulation  in  the  bi-ain,  as  may  cause  various  diseases  there. 

3.  From  the  same  state  of  the  arteries  of  the  extremities, 
disqualifying  them  for  their  office  in  the  pi-opulsion  of  the 
blood,  arises,  in  many  cases,  the  tendency  to  gangrene 
there  from  slight  inflammation. 

It  is  to  be  observed  here,  that  the  peculiar  thickened  and 
softened  condition  already  mentioned,  as  occasionally  ob- 
served in  the  inner  coat  of  arteries,  leads  sometimes  to  sud- 
den rupture  of  the  diseased  coat,  which  then  becomes  coil- 
ed up,  and  obstructs  the  artery,  stopping  pulsation,  and 
leading  often  rapidly  to  gangrene  of  the  limb  below. 

4.  The  morbid  changes  in  the  lining  membrane  of  the 
heart  and  arteries,  are  the  most  frequent  cause  of  dilata- 
tion or  hypertrophy,  or  the  combination  of  the  two,  in  more 
or  fewer  of  the  cavities  of  the  heart.  The  rigid  inelastic 
state  of  the  aorta,  when  pretty  general,  is  sufficient  to  ef- 
fect somewliat  of  this  change  on  the  heart,  even  when  all 
tlie  valves  are  sound ;  but  in  by  far  the  greater  number  of 
cases,  when  diseased  aorta  attends  enlarged  heart,  it  is  the 
participation  of  the  aortic  valves  in  the  diseased  state  of 
the  inner  coat  of  the  artery,  which  chiefly  determines  the 
affection  of  the  heart. 

All  the  valves  of  the  heart  are  liable  to  two  forms  of  dis- 
ease, from  the  morbid  concretions  forming  on  them,  which 
disturb  the  functions,  and  lead  to  the  enlargement  of  the 
heart  itself, — viz.  to  that  in  which  the  orifice  is  narrowed 
and  obstructed  by  the  morbid  matter,  and  that  in  which 
the  valves  are  so  shortened  as  to  allow  of  reflux  of  the 
blood ;  these  two  states  often  exist  separately,  but  in  many 
cases  also,  the  same  valve  is  affected  in  both  ways  at  once. 

It  may  be  observed,  that  the  diseased  state  of  the  aorta. 
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extending  to  its  valves  as  above  described,  is  hardly  ever 
seen  in  children,  and  chiefly  in  advanced  life; — but  a  morbid 
state  of  the  valves  of  the  heart  only,  and  especially  of  the 
mitral  and  tricuspid,  is  not  uncommon  about  or  even  before 
the  age  of  puberty. 

The  general  symptoms  resulting  from  such  impediments 
to  the  free  flow  of  blood  through  the  heart  (which  exist  in 
a  great  majority  of  cases  in  the  left  side  of  it),  are  Dyspnoea 
and  Palpitation,  always  produced  by  exertion,  often  excited 
also  by  mental  emotion,  and  occasionally  I'ecurring  without 
obvious  cause;  disturbed  sleep,  and  particularly  sudden 
starting  from  sleep,  with  palpitation ;  the  countenance  ge- 
nerally becomes  pale ;  and,  in  some  persons,  fits  of  syncope, 
and  in  others  fits  of  angina  pectoris  supervene.  But  the 
most  unequivocal  sign  is  such  enlargement  of  the  heart, 
as  causes  the  apex  to  be  felt  to  strike  against  the  parietes 
of  the  chest,  lower  than  the  sixth  rib,  which  is  very  often 
perceptible  within  a  few  weeks  after  the  first  indications  of 
these  organic  diseases  commence. 

These  are  the  general  symptoms,  which  indicate  that 
there  is  some  difiiculty  in  the  transmission  of  blood  through 
the  heart,  and  consequent  enlargement  of  the  heart.  This 
is  most  frequently  dependent  on  some  change  of  the  kinds 
above  described  in  its  valves ;  but  may  also  depend  on 
lymph  thrown  out  by  inflammation  on  the  pericardium, 
shackling  and  impeding  the  movements  of  the  heart;  or 
on  an  unusual  narrowness  of  some  of  the  openings,  or  short- 
ness, without  morbid  structure,  of  some  of  the  valves;  or 
on  a  preternatural  dilatation,  without  change  of  texture,  in 
the  ascending  aorta ;  or,  in  a  few  cases,  may  exist  without 
obvious  cause. 

While  these  general  characters  of  organic  disease  at  the 
heart  exist,  there  are  many  varieties  in  particular  symp- 
toms, of  less  urgent  importance,  but  which  claim  attention. 
The  chief  of  these  are  the  following : 

1.  In  many  cases,  the  pulse  at  the  wrist  is  preternaturally 
strong,  full  and  regular,  or  nearly  so;  and  the  pulsations  of 
the  carotid,  and  especially  of  the  subclavian  arteries,  arc  felt 
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distinctly  to  be  fuller  and  stronger  than  natural.  In  sucli 
cases,  the  aorta  is  A^ery  generally  enlarged ;  and  if  there  be, 
as  is  most  common,  disease  of  the  valves,  it  is  of  the  aortic 
valves,  and  of  such  a  kind  as  to  admit  of  reflux  of  the  blood. 

2.  In  others,  the  pulse  at  the  wrist  is  small  in  comparison 
with  that  felt  at  the  breast,  often  very  irregular.  There  is 
no  strong  action  in  the  carotid  or  subclavian  arteries;  and 
sometimes  there  are  pulsations  felt  at  the  chest,  which  do, 
not  extend  to  the  wrist.  In  such  cases,  the  aorta  is  pro- 
bably little  affected  ;  if  there  be  disease  of  its  valves,  it  is 
such  disease  as  obstructs  the  exit  of  the  blood  from  the  ven- 
tricle :  disease  of  the  mitral  valve  may  rather  be  presumed  ; 
and,  if  the  last  mentioned  symptom  be  present,  such  a  state 
of  that  valve  is  commonly  found,  as  admits  of  a  reflux  of 
blood  into  the  auricle. 

3.  In  some  cases,  the  impulse  felt  on  laying  the  hand  or 
the  ear  over  the  heart  is  very  strong,  while  the  sound  of  the 
lieart's  action  is  less  than  natural.  In  such,  Hypertrophy 
of  the  muscular  parietes  of  the  ventricles  (chiefly  the  left), 
is  denoted,  without  dilatation,  perhaps  with  diminution  of 
the  cavity. 

4.  I-n  others,  the  impulse  is  weak,  while  the  sound,  and 
especially  the  first  sound,  corresponding  to  the  ventricular 
contraction,  is  unusually  loud  and  sharp.  This  usually  de- 
notes Dilatation  without  hypertrophy.  When  there  is  both 
the  loud  sound  and  the  strong  impulse,  both  dilatation  and 
hypertrophy  are  denoted. 

5  In  some  cases,  the  chief  impulse  and  sound  are  perceived 
near  the  end  of  the  sternum,  and  the  jugular  veins  appear 
more  turgid,  and  often  pulsate  more  distinctly  than  usual. 
In  such,  obstruction  on  the  right  side  of  the  heart  is  denoted. 

6.  In  some  cases,  a  preternatural  sound,  varying  con- 
siderably in  different  cases,  but  generally  approaching  to 
the  murmur  of  bellows  (bruit  de  soufflet),  is  heard  to  ac- 
company either  the  first  and  long,  or  the  second,  short 
sound  of  the  heart's  action  ;  and  this  generally  denotes  that 
some  rough  or  irregular  obstacle  exists,  either  at  the  orifice 
through  which  the  blood,  in  its  natural  course,  is  passing 
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at  the  time,  wheu  that  sound  is  produced,  or  in  that  through 
which  it  has  an  opportunity,  in  consequence  of  the  disease, 
of  regurgitating  *.  But  no  absolute  reliance  can  be  placed 
on  this  symptom,  because  it  may  undoubtedly  be  correctly 
imitated  by  the  motion  given  to  the  blood  by  irregular 
contractions  of  the  fibres  of  the  heart,  chiefly  in  cases  of 
palpitation  from  affections  of  the  nervous  system,  where  no 
organic  disease  exists 

7.  Ill  some  cases,  the  sound  on  percussion  in  the  situa- 
tion of  the  heart,  is  remarkably  dull;  which,  if  taken  along 
with  other  indications  of  organic  disease,  denotes  either  an 
effusion  into  the  pericardium,  or  an  unusual  degree  of  en- 
largement and  hypertrophy  of  the  heart. 

When  such  unequivocal  indications  of  organic  disease  at 
the  heart  exist,  the  progress  of  different  cases  is  still  very 
various.  The  case  of  hypertrophy,  without  obvious  cause> 
and  that  of  enlargement  or  hypertrophy  from  the  effects  of 
inflammation  of  the  pericardium,  are  probably  the  only  cases 
in  frhich  material  amendment  of  the  state  of  the  heart  may  be 
anticipated,  and  that  chiefly  from  gradual  and  spontaneous 
changes.  In  some,  all  the  symptoms  may  remain  stationary 
for  a  length  of  time,  but  in  others  there  is  a  rapid  increase 
of  those  depending  on  the  affection  of  the  heart  itself ;  and 
in  all  cases,  sooner  or  later,  it  is  to  be  expected  that  other 
complaints,  consequent  on  the  disordered  state  of  the  circu* 
lation,  will  supervene,  and  their  indications  combine  them- 
selves with  the  symptoms  already  mentioned.  These  con- 
sequences take  place  more  rapidly  and  moi'e  surely  in  young 
and  full-blooded  subjects,  than  in  persons  already  old  and 
emaciated.  It  is  to  be  observed  that  the  affection  of  the  heart 
seldom  acts  as  their  sole  cause.  It  is  a  great  and  permanent 
predisposition  to  them;  but,  in  the  majority  of  cases,  some 
of  the  exciting  causes  of  disease,  and  especially  of  inflamma- 
tory disease,  most  generally  cold,  intemperance,  or  muscu- 
lar exertion,  and  some  inflammatory  disease  consequent  on 
them,  may  be  observed  to  act  in  producihg  these  effects. 

"  See  Hope,  Treatise  on  the  Diseases  of  the  Heart,  &c.  p.  3-l()and  580. 
t  Ibid,  p.  72,  76. 
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Wlien  these  exciting  causes  are  carefully  avoided,  the  fatal 
effect  of  the  affection  of  the  heart  may  sometimes  be  avert- 
ed for  a  long  time ;  but  the  longer  the  organic  disease  has 
lasted,  and  the  more  it  has  disturbed  the  circulation,  the 
less  amount  of  exciting  cause  is  necessary  to  produce  these 
injurious  effects. 

The  organic  affections  of  the  heart  predispose  to  these 
consecutive  diseases,  partly,  as  is  supposed,  by  the  increased 
impetus  of  the  blood  in  the  arteries,  which  is  given  by  the 
heart  in  the  state  of  hypertrophy;  but  certainly  chiefly  by 
the  obstruction  to  the  flow  of  blood  in  the  great  veins,  and 
in  the  lungs,  which  is  produced  in  the  ways  above  de- 
scribed, and  which  leads  to  the  dilatation  or  hypertrophy  of 
the  heart. 

Of  these  ulterior  effects  of  such  obstruction,  the  follow- 
ing are  the  most  important. 

1.  Attacks  of  Bronchitis  are  easily  excited,  and  ai'e  un- 
usually obstinate  in  such  cases;  and  hence  cough,  expecto- 
ration, and  habitual  dyspnoea,  with  the  sonorous,  sibilous, 
and  mucous  rales,  more  or  less  general  over  the  chest, 
soon  supervene  in  cases  of  this  kind,  and  often  attend  them 
from  the  first.  In  certain  constitutions  also,  occasional 
paroxysms  of  spasmodic  Asthma  (to  be  afterwards  consi- 
dered), take  place  in  this,  as  in  all  other  complaints  at- 
tended with  an}"^  permanent  embarrassment  of  respiration. 
In  many  there  are  repeated  attacks  of  true  Peripneumony. 

2.  Attacks  of  Haemoptysis,  and,  with  or  witliout  haemop- 
tysis, of  Apoplexy  of  the  lungs  *,  are  also  common,  particu- 
larly in  cases  where  the  chief  obstruction  is  at  the  mitral 
valve,  evidently  because  the  auricle  has  much  less  power 
than  the  ventricle,  to  react  against  any  obstruction,  and 
maintain  the  average  velocity  of  the  circulation. 

3.  Partly  in  consequence  of  the  increased  impetus  from 
the  left  ventricle,  in  the  case  of  hypertrophy,  and  partly  of 
the  obstructed  return  by  the  veins  of  the  head,  in  the  fre- 
quent congestions  of  tlie  lungs,  there  are  frequently, sj'mp- 
toms  of  Plethora  Capitis,  in  connexion  with  organic  disease 

•  See  p.  391. 
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of  the  heai't.  In  some  persons  there  are  repeated  attacks  of 
Epistaxis,  and  in  others,  or  subsequently  in  the  same,  there 
are  strokes  of  Apoplexy  or  Palsy,  or  fits  of  Epilepsy,  even 
when  there  is  no  extension  of  disease  of  the  arteries  to  the 
interior  of  the  cranium,  to  facilitate  their  rupture. 

4.  The  obstructed  state  of  the  circulation,  in  cases  of  dis- 
eased heart,  and  the  frequent  congestion  of  blood  in  the 
lungs,  lead  very  generally  to  stagnation  of  blood  in  the 
Liver, — sometimes  to  occasional  turgesceuce  of  the  liver  du  - 
ring paroxysms  of  dyspncea,  and  much  more  frequently  to 
enlargement,  morbid  induration,  and  deposition  of  one  kind 
or  another,  both  in  the  liver  and  spleen. 

5.  The  same  obstructed  state  of  the  circulation,  especial- 
ly if  aided  by  the  exciting  causes  above  mentioned,  leads 
generally,  sooner  or  later,  to  the  effusion  of  serum  in  some 
part  of  the  capillary  circulation,  independently  of  inflam- 
mation there,  i.  e.  to  Dropsical  Etfusion  ; — in  the  cells  of  the 
Lungs,  in  the  sac  of  the  Pleura  or  Pericardium,  in  the  sub- 
cutaneous Cellular  Substance,  and,  especially  after  the  li- 
ver has  become  affected,  in  the  cavity  of  the  Abdomen, — 
the  symptoms  and  effects  of  virhich  effusions  will  be  shortly 
considered  afterwards. 

From  what  has  been  stated,  it  will  readily  be  understood 
in  what  manner  these  organic  diseases  of  the  heart,  besides 
involving  the  risk  of  sudden  death  by  Syncope,  naturally 
lead  to  such  changes  as  threaten  death,  frequently  by  As- 
phyxia, and  occasionally  by  Coma ;  and  farther,  by  the  ge- 
neral depressing  influence  of  frequent  uneasy  sensations, 
and  often  by  the  more  special  influence  of  disease  of  the 
liver,  so  impair  the  actions  of  digestion  and  assimilation, 
as  to  weaken  the  whole  system,  and  dispose  it  to  suffer  from 
the  application,  and  to  sink  under  the  effects,  even  of  slight 
exciting  causes  of  disease.  There  are  a  few  more  obscure 
cases  of  Palpitation,  and  of  fatal  Syncope,  dependenton 
disease  of  the  muscular  parietes  of  the  heart  only, — on  their 
softened  state, — on  their  fatty  degeneration, — or  on  their 
rupture,  which  has  been  observed  almost  solely  in  the  left 
ventricle,  and  after  ulceration  of  the  inner  membrane. 
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11.  In  the  organs  of  Respiration  there  are,  in  the  first 
place,  important  organic  changes  of  structure,  consequent 
on  simple  inflammation. 

From  inflaramatiop  (generally  chronic)  of  the  Pleura, 
may  arise  not  only  effusion  of  pus  into  the  side  of -the 
chest,  rendering  it  dull  on  percussion,  impeding  its  move- 
ments, and  suppressing  the  natural  murmur  in  it ;  but  dis- 
tention of  the  side,  displacement  of  the  heart,  (causing 
its  apex  to  strike  to  the  right  of  the  sternum,  if  the  left 
side  of  the  chest  be  diseased,  and  below  the  sixth  rib,  if 
the  right  be  diseased) ;  and  total  uselessness  of  that  lung; 
often  of  long  standing,  before  either  death  takes  place,  in 
consequence  of  hectic  fever  and  dyspnoea, — or  ulceration  and 
escape  of  the  pus,  internally  or  externally,  relieves  the  pa- 
tient. In  such  cases  the  lung,  even  if  not  previously  itself 
inflamed,  becomes  so  condensed  in  texture  by  the  super- 
incumbent pressure,  that  if  an  opening  or  natural  ulcera- 
tion take  place  into  the  cavity  of  the  chest,  the  evacuation 
or  escape  of  the  fluid  is  only  partial;  because  the  lung, 
unable  to  expand  itself,  cannot  admit  the  air,  nor  fill  that 
cavity.  And  if  the  case  is  to  terminate  favourably,  the 
secretion  of  pus  abating,  and  the  lung  remaining  condens- 
ed, the  natural  consequence  is,  that  the  parietes  of  that  side 
of  the  chest  are  contracted  *,  and  from  being  larger,  it  be- 
comes smaller  than  the  sound  side  ;  and  either  continues  so 
for  life,  or  is  gradually  and  imperfectly  restored  to  its  form, 
as  the  lung  is  gi-adually  expanded, — a  change  which  some- 
times, but  not  very  frequently,  ensues. 

Even  when  there  is  no  fluid  effusion  left  by  pleurisy,  the 
thickness  and  strength  of  the  adhesions  left  between  the 
pleuraj  is  sometimes  such  as  to  impede  the  free  motion  of 
the  lung  of  that  side,  and  make  the  sound  on  percussion 
permanently  duller,  the  respiratory  murmur  fainter,  and 
the  side  of  the  chest  less  moveable,  and  even  somewhat 
smaller,  than  the  other ;  and  this  especially  if  the  pleurisy 
has  been  attended  with  effusion  of  blood,  and  the  adhesive 
matter  thrown  out  becomes  cartilaginous  f. 

•  See  Physiology,  p-  145.       f  See  ]>.  r)73. 
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2.  From  partial  inflammation  of  the  substance  of  the  Lungs 
results  condensation  of  these  portions,  which,  although  it 
may  in  some  persons  be  gradually  removed  by  absorption, 
or  by  expectoration,  certainly  in  others  remains  permanent- 
ly, causing  shortness  of  breath,  absence  of  the  natural  res- 
piratory murmur  in  the  affected  parts,  and  sometimes  the 
resonance  of  the  voice,  called  Bronchophony, — and  if  the 
diseased  part  be  considerable,  imperfect  movement  of  the 
side  of  the  chest,  and  more  or  less  dulness  on  percussion 
of  the  part.  In  soma  instances  this  goes  on  to  pulpy  soften- 
ing, and  in  a  few  to  suppuration  and  ulceration,  of  the  af- 
fected portion  of  lung. 

3.  Still  more  frequently,  in  consequence  of  long-continued 
and  repeated  Bronchitis,  especially  if  it  be  attended  with 
asthmatic  paroxysms,  the  lungs  pass  more  or  less  general- 
ly into  the  state  of  Emphysema,  above  described  *,  which 
implies  permanent  shortness  of  breath,  and  is  recognized 
cliiefly  by  remarkable  resonance  of  the  chest  on  percussion, 
coinciding  with  absence  of  the  natural  respiratory  murmur, 
and  generally  the  presence  of  catarrhal  rales,  at  the  part  af- 
fected ;  often  indeed  over  the  whole  chest. 

In  all  these  cases  of  habitual  Dyspnoea  consequent  on  the 
effects  of  simple  inflammation  within  the  chest,  the  true 
Hectic  Fever  is  sometimes  formed,  especially  in  young  and 
irritable  subjects,  and  the  general  symptoms  may  be  just 
those  of  phthisis  from  ulcerated  lungs;  and  in  the  two  last 
cases  the  expectoration  is  often  purulent  for  a  length  of 
time.  And  in  many  cases,  chiefly  in  older  persons,  le- 
sions of  these  kinds  within  the  chest  become  attended 
with  the  same  consequences,  in  other  parts  of  the  body, 
as  were  described  from  the  obstructions  at  the  heart ;  espe- 
cially the  depositions  in,  and  induration  of,  the  liver,  and 
thedropsical  effusions. 

The  other  frequent  and  fatal  organic  disease  of  the  lungs 
is  Phthisis,  consequent  on  the  deposition  there  of  scrofulous 
Tubercles,  and  on  the  clianges  in  these,  which  were  formerly 

•  See  p.  5f;«. 
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described ;  and  in  regard  to  this  the  following  are  the  lead- 
ing facts  to  bo  kept  in  mind. 

1.  When  the  deposition  is  very  general  over  both  lungs, 
the  disease  may  be  fatal  before  any  of  the  tubercles  liave 
suppurated,  and  even  before  many  have  coalesced.  Such 
rapid  and  extensive  depositions  proceed  from  the  usual 
causes  of  inflammation,  acting  on  a  scrofulous  habit.  In 
such  cases,  the  general  symptoms  are  those  of  pneumonia, 
of  somewhat  slower  progress  and  longer  duration  than 
usual,  the  patient  may  not  be  emaciated  at  the  time  of 
death,  and  the  respiratory  murmur  may  be  heard  thi-ough- 
out  the  lungs,  though  mixed  with  the  bronchial  rales;  in- 
somuch that  the  stethoscope  may  fail  to  give  any  indications 
of  phthisis  *. 

2.  In  other  cases,  likewise  of  more  rapid  progress  than 
usual,  the  cellular  substance  of  one  or  both  lungs  may  be 
extensively  infiltrated  with  the  diffuse  form  of  tubercular 
matter,  especially  if  some  distinct  tubercles  have  already 
existed  in  them ;  and  this  may  cause  death  by  asphyxia, 
without  suppuration,  or  with  very  partial  suppuration  of  the 
tubercular  matter.  Here,  likewise,  the  general  symptoms 
are  very  nearly  those  of  pneumonia,  and  the  affected  part 
is  indicated  as  in  pneumonia,  sometimes  by  pain  of  side, 
more  generally  by  the  sound  on  percussion  becoming  some- 
what dull,  and  by  change  of  the  respiratory  murmur  there, 
which  becomes  faint,  or  somewhat  harsh  and  abrupt  (bron- 
chial), and  sometimes  disappears. 

3.  In  by  far  the  greater  number  of  cases,  tubercles  ai-e 
deposited  first  in  the  upper  lobe  of  one  or  both  lungs,  en- 
large, coalesce,  suppurate  and  ulcerate,  and  form  cavities  the 
contents  of  which  escape  by  expectoration,  and  in  which, 
and  in  the  bronchise  leading  to  which,  puriform  matter  is 
copiously  secreted;  and  they  are  followed  by  successive  de- 
positions in  the  central  and  lower  part  of  the  lungs,  which 
run  the  same  course;  but  so  slowly  that  the  tubercles  in  the 
lowest  part  of  the  lungs  are  seldom  advanced  beyond  their 
first  stage  at  the  time  of  death. 

•  Laennec,  Traitd  de  rAuscultatioii,  &c.  t  1.  p.  530. 
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In  such  cases  the  nature  of  the  disease  is  often  indicated, 
almost  with  certainty,  before  the  patient  is  much  emaciated, 
by  the  sound  on  percussion  in  the  upper  part  of  one  or  both 
sides  of  the  chest  becoming  dull, — by  the  respiratory  mur- 
mur there  being  altered  and  diminished,  and  often  by  re- 
sonance of  the  voice  heard  through  the  condensed  lung  at 
that  part  (bronchophony) ;  and  afterwards  the  excavation 
of  the  tubercular  masses  is  denoted  at  one  or  more  points 
of  the  upper  part  of  the  chest,  by  the  resonance  of  the  A'oice 
combined  with  the  gurgling  sound  of  air  passing  through 
a  cavity,  and  raising  bullae  in  a  fluid  there,  (gargouille- 
ment),  and  by  such  modifications  of  the  voice,  and  of  the 
other  sounds  heard  at  that  part  (cavernous  rale,  cavernous 
respiration  and  cough),  as,  when  compared  with  the  natural 
sounds,  convey  the  impression  of  a  hollow  cavity  there  ex- 
isting.   True  Pectoriloquism  is  then  established. 

Such  changes  occur  chiefly,  though  not  exclusively,  in  per- 
sons who  may  be  judged,  by  the  circumstances  formerly 
mentioned,  to  be  of  scrofulous  habit,  and  often  in  persons 
who  have  indications  of  other  scrofulous  diseases.  They  are 
attended  by  long  continued  cough,  and  excepting  in  a  very 
few  cases  (where  the  excavation  appears  to  be  effected  by 
ulcerative  absorption  only),  by  expectoration  in  the  ad- 
vanced stage  of  the  disease,  partly  puriform,  often  at  times 
bloody,  and  sometimes  containing  fragments  of  tubercular 
matter ;  they  are  attended  by  progressive  emaciation  and 
debility ;  and,  in  young  and  irritable  constitutions  especially, 
by  hectic  fever.    In  all  cases  they  cause  the  breathing  to  be 
somewhat  confined,  and  to  be  easily  hurried  by  exertion ; 
but  as  tlie  whole  quantity  of  blood  is  gradually  diminished 
during  their  progress,  and  the  blood  gradually  diverted  from 
the  most  diseased  parts  of  the  lungs,  they  may  go  to  a  great 
extent,  and  ultimately  disorganize  two-thirds,  or  even  three- 
fourths,  of  the  lungs,  without  ever  causing  much  suffering 
by  dyspnoia. 

4.  The  rapidity  of  progress  of  these  changes  is  exceed- 
ingly various  in  different  cases,  and  there  are  two  ways  in 
which  tubercular  deposits  in  the  liuigs,  wlicn  to  a  small  ex- 
tent only,  have  been  observed  to  pass  into  an  inert  condi- 
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tioTi,  and  cease  to  disturb  the  general  health;  viz.  1.  By  har- 
dening into  earthy  concretions ;  and  2.  By  suppurating  com- 
pletely, and  discharging  themselves  by  the  bronchiae,  and 
leaving  only  fistulous  cavities  in  the  parts  they  have  occu- 
pied. The  very  generally  fatal  result  of  the  disease  is  to 
be'ascribed  therefore  simply  to  the  circumstance  of  the  very 
great  tendency  to  successive  depositions  of  the  tubercles. 

5.  In  the  course  of  this  disease,  several  circumstances 
fre  quently  occur,  which  render  the  symptoms  more  complex, 
and  often  hasten  the  fatal  event,  especially  the  following. 

a.  Attacks  of  Haemoptysis  consequent  on  the  erosion  of 
bloodvessels  by  the  ulceration. 

h.  Attacks  of  Pleurisy  or  of  Empyema  with  pneumo- 
thorax *,  consequent  on  the  extension  of  the  ulcei'ation  to 
the  surface  of  the  lung  at  a  part  not  occupied,  as  the  pleura 
at  the  most  diseased  parts  usually  is,  by  effused  lymph 
forming  firm  adhesions. 

c.  Attacks  of  occasional  or  intercurrejit  Inflammations  of 
the  substance  of  the  lungs,  to  which  the  tubercles  may  be 
considered  as  always  affording  a  predisposition,  but  which 
are  often  excited  by  external  causes,  and  the  indications  of 
which  are  very  often' found  ultimately  combined  with  those 
of  the  tubercular  disease. 

d.  Attacks  of  Dropsy,  more  or  less  general; — which,  how- 
ever, seldom  results  from  the  tubercular  disease  of  the  lungs, 
unless  already  combined  with  inflammatory  condensation. 

When  none  of  these  complications  take  place,  the  fatal 
event  often  takes  place  rather  by  syncope  than  by  asphyxia, 
— sometimes  pretty  suddenly,  oftener  in  a  way  nearly  as 
gradual  as  the  death  by  mere  inanition. 

6.  The  debility  in  the  later  stages  is  increased  not  only 
by  the  hectic  sweats,  but  by  the  affections  of  the  abdominal 
viscera,  which  very  generally  take  place,  and  which  may 
be  traced,  partly  to  the  obstructed  state  of  the  lungs  and 
consequent  congestion  in  the  vena  cava  ascendens  and  A'ena 
portaj,  and  partly  to  the  influence  of  the  tubercular  diathesis; 
viz.  the  enlargement  and  induration,  sometimes  the  tuber- 

•  See  p.  4-21. 
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cular  state,  and  sometimes  the  fatty  degeneration  of  the  Liver 
(vvitli  which  various  dyspeptic  symptoms  are  often  connect- 
ed) ;  and  the  inflammation,  and  ulcei*ation,  with  tubercu- 
lar deposition  in  many  cases,  in  the  Mucous  Membrane  of 
the  Bowels,  and  frequently  also,  the  tubercular  state  of  the 
Mesenteric  Glands; — which  are  found  when  the  colliquative 
diarrhoea  has  been  urgent,  but  bear  no  fixed  proportion  to 
the  other  symptoms. 

Besides  the  scrofulous  tubercles,  other  adventitious  tex- 
tures,— the  medullary  sarcoma,  the  melanosis,  and  some- 
times more  isolated  morbid  growths,  occasionally  form  in 
the  lungs,  and  obstruct  the  breathing ;  and  produce  symp- 
toms, and  follow  a  course  more  or  less  similar  to  the  com- 
mon tubercles  there. 

Other  parts  within  the  chest  are  likewise  frequently  the 
scat  of  tubercular,  encephaloid,  or  other  morbid  deposits. 
The  bronchial  glands  are  very  generally  affected,  in  like 
manner  as  the  lungsj  in  phthisis,  and  occasionally  even  when 
the  lungs  are  sound  ;  and  when  these  glands  are  much  en- 
larged and  altered  by  these  diseases,  hectic  fever  may  be 
established  in  consequence  of  the  diseased  action  going  on 
in  their  substance ;  and  the  functions  of  the  neighbouring 
parts,  as  of  the  lungs,  the  trachea,  and  bronchise  or  the  oeso- 
phagus, may  be  variously  affected, — or  dropsy  induced  by 
their  pressure  on  the  great  veins. 

The  Air-passages,  especially  their  mucous  membrane  and 
the  cellular  texture  immediately  behind  it,  ai'e  also  the  occa- 
sional seat,  either  of  morbid  deposits,  of  different  kinds  that 
have  been  enumerated  (most  frequently  of  tubercles  or  me- 
dullary sarcoma),  or  else  of  ulceration,  extending  to  the 
cartilages,  without  distinct  previous  deposition.  This  is  most 
common  in  the  cartilages  of  the  larynx,  and  about  the  rima 
glottidis.  From  these  result  symptoms  resembling  those 
of  chronic  laryngitis,  and  sometimes  death  by  asphyxia,  or 
nearly  by  strangulation. 

III.  The  most  common  organic  disease  of  the  Liver  is  the 
tubercular  degeneration,  sometimes  appearing  as  the  result 
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of  pretty  distinct  inflammation,  sometimes  gradually  effect- 
ed without  inflammatory  symptoms;  beginning  as  simple 
increase,  or  hypertrophy,  of  the  grey  cellular  texture,  and 
passing  ultimately  into  the  state  described  as  Cirrhosis,  in 
which  the  whole  organ  is  often  shrunk,  the  glandular  sub- 
stance nearly  absorbed  away,  its  place  occupied  by  irregu- 
lar clustei's  of  brownish-yellow  tubercles,  and  the  whole 
circulation  in  the  liver,  as  injections  demonstrate,  very 
much  lessened.  But  in  different  cases  (by  reason  espe- 
cially of  the  complex  nature  of  most  such),  death  takes 
place  in  very  different  stages  of  this  progress;  and  many 
modifications  of  these  changes  are  also  observed.  In  scro- 
fulous cases,  the  liver  is  sometimes  infiltrated  with  tuber- 
cular matter,  in  its  fii'st  stage,  of  nearly  opaline  lustre ; — 
in  some  instances  it  is  enlarged  and  much  hardened,  with 
little  change  of  colour; — in  others  it  undergoes  the  fatty  de- 
generation, formerly  mentioned,  or  is  simply  softened  with- 
out other  change  of  texture; — in  some  the  tubercles  be- 
come large  and  distinct  in  parts  of  the  liver,  while  others 
are  of  natural  structure  ;  and  there  are  three  kinds  of  mor- 
bid growth,  which  may  be  easily  distinguished  from  the 
more  usual  changes  in  the  liver, — the  effusion  of  clots  of 
blood,  which  gradually  change  into  various  kinds  of  tu- 
mor *, — the  medullary  sarcoma  (tuber  circumscriptum  of 
Farre),  which  softens  in  the  centre,  and  is  generally  attend- 
ed by  similar  deposits  in  other  parts, — and  the  cysts  or  sacs 
containing  Hydatids. 

The  Bile  in  these  different  diseased  states  of  the  liver  is 
often  scanty,  and  either  lighter  or  darker  coloured  than  nar- 
tural ;  but  the  alterations  which  it  undergoes  have  not  been 
carefully  examined.  In  most  of  those  cases,  where  a  con- 
siderable portion  of  the  substance  of  the  liver  remains 
sound,  the  bile  is  of  natural  appearance  and  quantity;  and 
in  some  of  those  where  its  whole  structure  is  diseased,  the 
alterations  of  the  secretion  are  less  than  might  have  been 
expected. 

From  what  has  been  already  said  (p.  378  and  571.),  it 
•  See  p.  333. 
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will  be  understood,  that  such  organic  lesions  of  tlie  liver  are 
chiefly  to  be  expected  in  persons  somewhat  advanced  in 
life ;  and  that  the  tendency  to  them  is  remarkably  given  by 
chronic  diseases  of  the  heart  or  lungs,  by  intermittent  fe- 
ver, and  by  the  habitual  use  of  distilled  spirits,  especially 
in  circumstances  otherwise  favourable  to  the  formation  of 
organic  disease. 

The  symptoms  attending  such  organic  lesions  of  the 
Liver,  especially  when  they  do  not  distinctly  commence 
with  marks  of  inflammation,  are  extremely  various.  The 
most  certain  is  perceptible  enlargement  of  the  organ,  with 
dull  sound  on  percussion,  as  far  down  the  abdomen  as  the 
diseased  organ  stretches ;  but  this  enlargement  may  be  ab- 
sent throughout  a  case  of  the  worst  kind,  and  may  disap- 
pear in  the  later  stages  of  cases  where  it  was  at  first  dis- 
tinct. When  it  is  absent,  the  difficulty  of  lying  on  the 
opposite  side  is  not  to  be  expected.  Sharp  pain  in  the 
hypochondrium  or  shoulder,  seems  to  be  an  accidental, 
and  not  a  very  common,  attendant  of  any  kind  of  these 
deposits.  Jaundice  is  only  to  be  expected,  if  there  be 
pressure  on  some  of  the  gall-ducts ;  which  is  neither  con- 
stant, nor,  if  present,  necessarily  permanent.  A  sallow 
though  not  jaundiced  complexion  is  very  often  obsei'ved, 
but  is  by  no  means  peculiar  to  organic  disease  of  the  liver. 
The  alterations  of  the  alvine  evacuations  are  various,  and, 
agreeably  to  what  is  stated  above,  are  sometimes  absent, 
even  when  great,  although  partial,  alteration  of  the  sub- 
stance of  the  liver  exists.  And  the  dry  cough,  and  confined 
breathing  on  the  one  hand,  or  the  sympathetic  aff^ec-tions  com- 
monly referred  to  the  stomach,  anorexia,  sense  of  oppression, 
flatulence  and  acidity,  nausea,  vomiting,  &c.  on  the  other, 
though  often  obvious  and  distressing,  are  neither  uniform  nor 
characteristic.  The  existence  of  organic  disease  of  the  liver 
is  therefore  often  a  matter  of  probability,  rather  than  of  cer- 
tain knowledge,  and  gathered  from  observation  of  two  or 
more  of  the  symptoms  above  noted,  rather  than  inferred 
from  any  one  pathognomonic  symptom.  The  nature  of  the 
organic  affection  is  of  course  still  more  obscure ;  but  it 
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may  be  stated,  that  in  a  constitution  previously  bealtliy,  and 
when  such  a  cause  exists  for  liver  disease,  as  organic  ob- 
struction in  the  chest,  and  especially  if  the  symptoms  have 
been  oi-iginally  inflammatory,  we  may  generally  expect  the 
induration  by  small  granular  tubercles  only  ;  and  that  wlien 
the  health  has  been  otherwise  long  infirm,  and  perhaps  es- 
pecially when  the  stomach  is  much  affected,  the  medul- 
lary sarcoma,  or  other  constitutional  morbid  structure,  may 
be  suspected. 

The  greater  number  of  such  organic  alterations  of  the 
liver  must  necessarily  obstruct  more  or  less  the  flowtof 
blood  in  the  vena  portae,  and  hence  they  act  very  general- 
ly as  a  great  predisponent  cause,  and  sometimes  as  the  on- 
ly perceptible  cause,  of  farther  diseases  of  the  abdomen, 
which  frequently  contribute  to  indicate  their  existence. 
These  are, 

1.  The  effusion  of  serum  into  the  cavity  of  the  abdomen, 
constituting  Ascites. 

2.  The  increased  flow  of  the  mucous  secretion  of  the  in- 
testines (more  common  in  the  warm  climates),  constitut- 
ing mucous  Diarrha3a,  but  easily  aggravated  into  the  form 
of  Dysene  ry 

3.  Bloody  discharges  from  the  pvimse  viae,  i.  e.  Haemate- 
mesis,  Melaena,  or  Haemorrhois,  or  a  combination  of  these. 

The  debility  and  emaciation  consequent  on  those  organic 
diseases  of  the  liver,  which  are  attended  with  the  greatest 
sympathetic  affection  of  the  stomach,  nausea  and  vomiting, 
sometimes  go  on  to  a  fatal  termination,  witliout  any  of 
these  ulterior  consequences ;  but  more  generally  either 
dropsy,  and  consequent  dyspnoea,  or  mucous  or  bloody  diar- 
rhoea, has  existed  for  some  time  before  death.  In  all  kinds 
of  severe  affection  of  the  liver,  it  sometimes  happens  that 
a  sudden  attack  of  coma,  not  always  explained  by  effusion 
in  the  cranium,  takes  place.  It  is  uncertain  whether  this 
can  be  ascribed,  as  in  the  case  of  disease  of  the  kidneys,  to 
retention  of  matter  destined  to  excretion. 

It  has  been  already  explained,  that  the  Spleen  is  affected 

with  organic  disease  most  generally  at  the  same  time,  and 
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in  the  same  manner  as.  the  liver.  In  some  instances  it  ia 
tlie  seat  of  morbid  deposits,  or  of  simple  Hypertrophy 
(sometimes  going  to  an  enormous  extent)  when  the  liver  is 
sound.  Such  aflFections  of  the  spleen  have  been  sometimes 
found,  as  the  chief  morbid  appearance,  when  there  has 
been  much  vomiting,  and  great  and  progressive  emacia- 
tion and  debility.  Tumors  of  the  spleen  produce  local 
symptoms  chiefly  by  reason  of  their  pressure  on,  and  inter- 
ference with  the  functions  of,  neighbouring  parts  ;  and  they 
have  been  often  observed,  as  may  easily  be  understood  from 
the  vascular  connections  of  the  organ,  to  be  attended  with 
attacks  of  haematemesis,  which  have  been  followed  by  sud- 
den reduction  of  the  swelling. 

The  Pancreas  has  been  often  found  affected  with  diffe- 
rent organic  diseases,  perhaps  chiefly  in  cases  where  other 
organs  were  at  the  same  time  similarly  affected;  but  the 
symptoms  have  appeared  at  least  as  obscure,  and  the  de- 
gree of  aflection  of  the  function  of  digestion  at  least  as  vari- 
able, as  when  the  liver  has  been  organically  diseased;  and 
many  of  the  symptoms,  obvious  in  some  cases,  have  evi- 
dently proceeded  from  compression  of  adjoining  organs,  as 
jaundice  from  obstructed  gall-ducts,  pulsation  from  com- 
pressed aorta,  pain  probably  from  stretched  or  injured 
nerves,  &c. 

IV.  The  Peritoneum  is  often  affected  Avith  organic  dis- 
ease, dependent  simply  on  previous  inflammation.  Adhe- 
sions of  different  portions  of  intestines  to  each  other,  or 
bands  crossing  and  binding  down  different  portions  of  the 
canal,  are  often  left  by  acute  inflammation  ;  and  from  these, 
although  the  general  health  be  good,  there  will  result  oc- 
casionally more  or  less  derangement  of  the  peristaltic 
movements, — griping  pains,  or  fits  of  colic,  from  any  acci- 
dental excitement  of  these  movements ;  and  attacks  of  in- 
flammation, or  even  independently  of  much  inflammation, 
such  attacks  of  violent  pain  and  tenderness,  with  vomiting, 
and  depression  of  the  heart's  action,  as  may  be  fatal, — on  oc- 
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casion  of  strangulation,  more  or  less  complete,  of  a  fold  of 
intestine  beneath  any  such  preternatural  adhesions. 

It  deserves  particular  notice,  that  such  adliesions  are  very 
frequently  found  uniting  the  folds  of  the  Ileum,  or  the  Co- 
lon and  Rectum,  within  the  pelvis,  to  the  ligaraenta  lata, 
and  other  appendages  of  the  Uterus,  when  these  parts  have 
either  been  the  seat  of  active  inflammation,  as  frequently 
happens  after  delivery,  or  have  become  affected  with  organic 
disease,  in  which  they  compress  and  irritate,  and  excite  the 
exudation  .of  lymph  on,  the  adjacent  peritoneal  surfaces. 

From  chronic  Peritonitis,  or  fi'om  the  deposition  of  gra- 
nular lymph,  with  or  without  distinct  inflammatory  symp- 
toms in  the  peritoneum,  there  results  a  thickened  and  iiTe- 
gular  state  of  that  membrane,  sometimes  partial,  sometimes 
very  general,  often  with  intimate  and  close  adhefions  of 
intestines  and  omentum,  sometimes  with  little  or  no  adhe- 
sion. The  state  of  hypertrophy  of  the  muscular  fibres,  thus 
inclosed  in  an  unyielding  case,  is  sometimes  a  result  of  this 
state  of  the  peritoneum.  In  such  cases,  the  pains,  and  of- 
ten likewise  the  fits  of  nausea  and  vomiting,  are  less  ur- 
gent, but  more  constant  than  in  those  last  mentioned ;  the 
bowels  often  very  costive,  and  this  sometimes  alternates 
with  diarrhoea,  and  is  generally  attended  with  flatulent  dis- 
tention ;  the  patient  wastes,  and  the  hardened  intestines 
may  sometimes  be  felt  as  a  tumour,  and  dropsical  effusion 
generally  takes  place  before  the  strength  is  finally  exhausted. 

The  peritoneum  is  likewise  the  frequent  seat,  especially 
in  young  and  manifestly  scrofulous  persons,  of  tubercular 
accretions,  sometimes  apparently  originating,  or  repeatedly 
aggravated,  by  inflammatory  attacks,  at  other  times,  with- 
out such  precursory  symptoms ;  and  indicated  generally  by 
symptoms  similar  to  those  of  the  chronic  lesion  last  men- 
tioned, but  with  the  addition  that  the  adventitious  texture 
here  attains  a  much  greater  size,  and  the  whole  abdomen 
is  often  greatly  distended  with  solid  matter.  In  some  such 
cases,  the  effusion  is  of  the  encephaloid  rather  than  the 
truly  tubercular  matter,  and  the  growth  is  then  much  more 
rapid.    But  as  it  is  always  gradual,  the  functiens  of  the 
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intestines,  though  more  or  less  disordered,  often  continue 
to  be  performed  after  all  parts  of  the  canal  have  undergone 
much  change  of  form  and  direction. 

The  Mucous  Membrane  of  the  alimentary  canal,  and 
glands  connected  with  it,  are  often  in  a  state  of  chronic 
thickening  and  of  chronic  ulceration,  consequent  on  decid- 
ed inflammation ;  but  frequently  also  it  is  found,  at  diffe- 
rent periods  of  life,  affected  with  various  forms  of  ulcera- 
tion in  cases  that  have  been  quite  chronic,  and  where  in- 
tractable diarrhoea  has  been  the  chief  symptom  ;  where  no 
peculiar  adventitious  texture  is  found,  and  no  distinct  indi- 
cations of  inflammation  have  preceded  the  ulceration. 

The  adventitious  textures,  which  are  frequently  depo- 
sited in  the  stomach  and  intestines,  generally  originate  in 
the  cellular  texture  uniting  the  coats  to  each  other.  These 
vary  exceedingly,  from  simple  thickening  and  induration 
of  that  texture,  causing  more  or  less  of  Stricture,  to  the 
formation  in  it  of  circumscribed  tubercles,  of  Fibro-carti- 
laginous  or  Scirrhous  tumours,  or  of  Encephaloid  or  Mela- 
notic masses.  They  generally  lead,  sooner  or  later,  to  ul- 
ceration of  the  mucous  membrane  immediately  above  them, 
and  often  to  considerable  distention  of  the  alimentary  canal 
above  them,  as  compared  with  the  part  below  them :  they 
sometimes  attain  such  size  as  to  be  felt  through  the  inte- 
guments of  the  abdomen ;  when  seated  in  the  pharynx  or 
rectum,  they  may  be  felt  by  the  finger  or  bougie ;  when 
in  the  oesophagus,  or  at  the  cardia,  they  are  known  by  the 
permanent  impediment  they  occasion  to  the  descent  of  food 
into  the  stomach,  and  frequent  regurgitation  of  food ;  and 
when  at  the  pylorus,  by  the  pain  and  vomiting  recurring 
regularly  two  or  three  hours  after  food  is  taken,  and  by 
nearly  uniform  obstinate  costiveness.  In  these  ways,  some 
of  the 'most  frequent  seats  of  these  diseases  admit  of  being' 
ascertained  almost  with  certainty. 

When  their  existence  is  not  thus  ascertained,  these  orga- 
nic diseases  of  the  alimentary  canal  can  hardly  be  distin- 
guished from  the  effects  of  simple  chronic  inflammation  of 
the  mucous  membrane.    Their  symptoms  are  of  very  va- 
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rious  intensity,  and  often  subject  to  remarkable  remissions; 
but  the  most  frequent  and  important  are, — pain  and  anxiety; 
nausea  and  vomiting,  increased  by  all  ingesta,  when  their 
Beat  18  in  the  stomach  ;  painful  and  intractable,  though  sel- 
dom violent,^  diarrhoea  when  in  the  intestines;  tenesmus, 
and  frequently  mucous  and  bloody  stools,^  and  alteration  of 
the  natural  form  of  tbe  feculent  evacuations,  when  confined 
to  the  great  intestines ;  obstinate  costiveness,  and  tympani- 
tic distention,  with  pain,  vomiting,  and  sometimes  ileus, 
when  they  attain  such  a  size  as  nearly  to  close  the  passage; 
and  progressive  emaciation  and  debility  in  almost  all  cases. 

They  A-^ery  often  excite,  or  become  complicated  with,  in- 
flammation, acute  or  chronic,  in  the  parts  around  them, 
CA'en  repeatedly  before  they  are  fatal ;  and  in  consequence 
of  the  adhesions  thus  formed,  ulceration  extending  through 
all  the  coats  of  tbe  stomach  or  bowels  has  often  been  found 
connected  with  organic  diseases,  but  in  which  the  contents 
had  not  escaped,  and  the  usually  fatal  effects  of  perforation 
of  these  coats  had  been  averted. 

These  are  very  generally  diseases  of  advanced  life ;  but 
one  set  of  organs,  necessarily  connected  with  the  functions 
of  the  bowels,  the  Mesenteric  Glands,  are  very  often  orga- 
nically diseased  in  children  and  young  persons.  The  kind 
of  affection  is  the  deposition  and  growth  of  the  common 
scrofulous  tubercles  in  these  glands — sometimes  as  a  part  of 
a  more  general  deposition, — sometimes  almost  exclusively, 
— in  some  instances,  with  symptoms,  and  indications  on  dis- 
section, of  chronic  inflammation  preceding  the  formation 
of  the  tubercles — in  others,  without  such  indications — some- 
times apparently  depending  on  the  previous  formation  of 
ulcers  on  the  mucous  membrane  of  the  bowels  at  the  parts 
corresponding  to  the  afivected  glands, — sometimes  when  lit- 
tle or  no  disease  of  that  kind  accompanies  it.  The  tuber- 
cles undergo  changes  almost  exactly  corresponding  to  those 
in  the  lungs,  but  few  have,  in  general,  passed  into  suppu- 
ration before  death  takes  place.  The  local  symptoms  are 
generally  obscure  and  equivocal;  tympanitic  distention  and 
mbcous  diarrhoea  are  perhaps  the  most  common  ;  but  the 
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gradual  emaciation,  paleness,  and  weakness,  in  a  scrofulous 
habit,  in  early  youth,  and  without  adequate  apparent  cause, 
are  generally  sufficient  to  excite  strong  suspicion  of  the 
disease.  The  medullary  sarcoma  also  occasionally  affects 
the  mesenteric  glands,  producing  similar  symptoms,  but  a 
more  rapid  progress.  In  adults  it  is  not  uncommon  to  find 
cartilaginous  or  bony  concretions  (i.  e.  hardened  tubercles), 
or  encysted  tumonrs  in  these  glands,  without  any  symp- 
toms having  been  observed  which  can  be  confidently  ascrib- 
ed to  these  lesions. 

When  not  fatal  by  reason  of  the  inflammations  that  are 
complicated  with  them,  these  organic  affections  of  the  di- 
gestive organs  generally  go  on  until  the  patient  is  so  much 
weakened  and  exhausted  that  his  death  takes  place  nearly 
in  the  same  manner  as  that  caused  by  fasting. 

In  some  constitutions,  and  especially  in  the  case  of  mans 
children,  it  is  important  to  be  aware,  that  chronic  affections 
of  the  bowels,  especially  those  connected  with  ulceration, 
even  partial,  of  the  mucous  membrane,  or  with  disease  of 
the  mesenteric  glands,  are  very  apt  to  give  origin  to  affec- 
tions of  the  brain  and  nervous  system ;  sometimes  to  sud- 
den and  transient  disorders  there,  such  as  headachs,  or  fits 
of  convulsion,  but  frequently  also  to  strictly  inflamma- 
tory affections  there,  ending  in  serous  effusion.  This  is 
often  to  be  ascribed,  in  part,  to  organic  disease  already 
existing  in  the  head,  or  at  least  to  a  peculiarity  of  consti- 
tution, generally  the  scrofulous  habit,  which  predisposes  to 
disease  of  the  brain ;  and  when  such  predisposition  exists, 
any  irritation  producing  febrile  action  may  have  this  effect. 
But  many  practical  observers  have  thought  the  diseases  of 
the  Primae  Via,  now  in  question,  peculiarly  effectual  in 
exciting  such  nervous  disorders. 

The  different  kinds  of  Worms,  so  often  found  in  the 
alimentary  canal,  and  the  origin  of  which  is  still  obscure, 
the  small  worms  called  Trichuris  (usually  found  in  the 
coecum),  and  Ascaris  verraicularis  (usually  found  in  the 
rectum) ; — the  lon^.  round  worm  (Ascaris  lurabricoides) 
which  usually  infests  the  small  intestines ;  and  the  jointed 
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tape-worm  or  Taenia,  also  found  there,  but  moi-e  frequently 
-  in  adults, — demand  attention  here,  chiefly  because  of  the 
effect  of  the  irritation  which  they  occasion,  to  excite  symp- 
toms of  nervous  disorders,  and  sometimes  dangerous  dis- 
eases of  the  Nervous  System.  The  symptoms  which  they 
excite  in  the  abdomen  itself,  cannot  be  distinguished  with 
certainty  from  those  which  other  irritations  acting  on  the 
mucous  membrane,  or  slight  inflammation  and  ulceration, 
may  occasion  there ;  but  from  the  action  of  the  lumbrici  in 
particulai*,  epileptic  fits,  and  more  anomalous  nervous  af- 
fections have  often  evidently  originated ;  and  in  some  cases 
symptoms  closely  resembling  those  of  hydrocephalus  {i.  e.  in- 
flammation in  the  brain)  have  been  apparently  excited  in  this 
way,  and  abated  after  the  expulsion  of  the  worms ;  while 
in  others,  the  symptoms  apparently  originating  in  this  way, 
have  gone  on  to  decided  and  fatal  hydrocephalus. 

V.  The  Kidneys  are  frequently  the  seat  of  organic  le- 
sions, some  of  which,  as  the  serous  cysts  often  found  on 
their  surface,  or  in  their  substance,  or  even  cysts  contain- 
ing hydatids,  seem  to  interfere  very  little  with  their  func- 
tion. But  it  has  been  lately  ascertained  by  Dr  Bright  and 
others,  that  the  most  common  organic  lesion  in  these  or- 
gans, already  noticed,  i.  e. — the  deposition  of  granular 
lymph,  sometimes  taking  the  form  of  tubercles,  in  their 
cortical  or  secreting  portion,  is  always  attended  by  two 
obA^ous  changes  on  the  urine, — a  diminution  of  its  specific 
gravity, — often  to  1010  or  less,  from  the  natui'al  standard 
of  1024),  and  an  addition  to  it  of  albumen,  which  is  made 
obvious  by  heating  it ;  and  these  changes  necessarily  imply 
considerable  diminution  of  the  quantity  of  urea  passing  off 
in  this  way,  even  when,  as  is  sometimes  the  case,  the  whole 
quantity  of  urine  passed  is  somewhat  above  the  average  *. 

The  kidneys  affected  with  such  disease  are  often  found 
somewhat  enlarged ;  but  in  other  cases,  especially  when  the 

•  See  Dr  Christison's  paper  on  Diseased  Kidneys,  in  Edinburgh  Me- 
dical  and  Surgical  Journal,  vol.  xxxii. ;  and  Dr  Gregoby's  ditto,  vol. 
xxxvi  &  xxxvii. 
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•affection  is  of  old  standing,  they  are  found  remarkably 
shrunk  in  size,  and  the  glandular  texture  almost  absorbed 
away,  in  like  manner  as  that  of  the  liver  is  from  similar 
disease.  In  some  of  these  cases,  when  the  ui'ine  is  light 
and  albuminous,  there  is  much  hardening  of  the  substance  of 
the  kidneys;  but  in  others,  when  morbid  deposits  are  found, 
the  kidneys  are  soft  and  flabby,  and  in  some  there  is  gene- 
ral infiltration  of  whitish  matter  altering  the  colour  of  the 
kidney,  without  any  intermixture  of  granular  or  tubercular 
corpuscles  with  their  natural  texture. 

The  local  symptoms  of  such  cases  are  often  obscure,  al- 
though many  of  them  begin  with  inflammatory  symptoms 
and  pain  of  loins,  and  most  of  them  are  early  attended  with 
dropsical  effusions.  In  some  cases,  notwithstanding  that 
the  altered  condition  of  the  urine  continues,  the  patient  is 
restored  to  tolerable  health ;  but  very  generally,  when  the 
urine  is  light  and  albuminous,  the  health  is  much,  although 
variously  impaired,  partly,  as  we  may  suppose,  by  a  sym- 
pathetic affection  of  their  organs,  but  chiefly  because  of  the 
retention  within  the  system  of  matter  destined  to  excre- 
tion. There  is  a  peculiar  liability  to  inflammatory  attacks 
of  various  parts,  vomiting  and  diarrhoea  frequently  recur  in 
some  such  patients,  and  different  affections  of  the  brain  in 
others.  Dropsical  effusion  in  different  parts  often  recurs, 
and  in  some  cases  goes  to  a  very  great  extent ;  and  in  some 
there  is  ultimately  serous  effusion  in  the  head,  and  death 
in  the  way  of  coma ;  and  this  perhaps  especially  when  the 
urine  has  ultimately  become  very  scanty,  as  well  as  of  light 
specific  gravity ;  in  which  case,  it  has  been  already  stated 
that  the  urea  has  been  found  in  the  blood,  and  the  disease 
therefore  is  almost  identical  with  the  Ischuria  Renalis. 

Various  other  morbid  growths  or  alterations  of  texture 
have  been  seen  in  the  kidneys,  but  their  effects  are  less 
known ;  and  some  of  them  (e.  g.  the  medullary  sarcoma, 
sometimes  found  in  the  kidney,  and  connected  with  re- 
peated hjematuria)  are  often  only  a  part  of  a  more  general 
disease ;  and  the  simultaneous  affection  of  other  parts  may 
have  been  more  concerned  in  the  fatal  event. 
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The  ureters  are  sometimes  permanently  obstructed  by 
morbid  deposits  (e.  g.  tubercular  matter)  in  their  own  tex- 
ture ;  sometimes  by  calculi  descending  from  the  kidneys, 
and  impacted  in  them ;  but  more  frequently  by  tumors  of 
some  of  the  neighbouring  viscera  compressing  them  ;  and 
the  effect  of  their  obstruction  and  distention,  in  causing 
absorption  of  the  kidneys,  was  already  noticed.  When  both 
ureters  are  affected  in  this  way,  to  such  a  degree  as  to 
cause  wasting  of  the  glandular  substance  of  the  kidneys, 
the  symptoms  of  ischuria  renalis  must  naturally  be  ex- 
pected. 

The  Bladder  of  Urine,  like  the  heart,  undergoes  changes 
of  its  structure  much  more  frequently  in  consequence  of 
disease  of  its  lining  membrane,  or  of  the  passage  leading 
out  of  it,  than  from  morbid  deposits  in  its  own  substance. 

The  inflammation  of  its  mucous  membrane  (e.  g.  tha 
which  results  from  injuries  of  the  spinal  cord)  leads  to 
thickening  of  its  muscular  fibres,  and  contraction  of  its  ca- 
vity, which  of  course  implies  frequent  irritation,  and  eva- 
cuation of  the  bladder ;  and  the  same  results  follow  from 
whatever  permanently  irritates  its  inner  surface,  or  opposes 
the  exit  of  the  urine;  therefore  from  morbid  growths 
which  sometimes  originate  in  its  mucous  membrane,  from 
calculi  lodged  in  it,  from  enlargement  of  the  pi'ostate,  or 
stricture  of  the  urethra, — causes  of  difficult  excretion  of 
urine  which  require  to  be  carefully  distinguished  by  ma- 
nual examination,  but  of  the  diagnostics  of  which  it. is  not 
necessary  to  treat  here. 

The  disease  of  the  prostate  gland,  which  is  common  in  ad- 
vanced life,  consists  sometimes  of  mere  enlargement,  but  of- 
ten of  a  gradual  change  of  its  substance,  similar  to  that  which 
takes  place  in  the  cellular  substance  connecting  the  coats 
of  the  stomach  and  bowels,  until  it  has  assumed  the  appear- 
ance of  a  scirrhous  tumoi*.  The  strictures  of  the  urethra 
very  generally  result  simply  from  lymph  effused  by  inflam- 
mation immediately  behind  the  mucous  membrane;  but  in 
some  cases  this  lymph  is  gradually  altered,  and  becomes 
ultifnately  cartilaginous. 
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In  some  instances  different  kinds  of  morbid  growths  taltc 
place  between  the  coats  of  tlie  bladder,  which  impede  its 
action,  and  lead  likewise  to  thickening  and  contraction  of 
the  fibres  not  involved  in  the  disease. 

These  organic  affections  of  the  urinary  organs  cause 
much  and  frequently  recurring  pain,  and  other  uneasy  sen- 
sations ;  and  thereby  become  attended  with  much  sympa- 
thetic affection  of  the  functions  of  other  parts,  often  espe- 
cially of  the  stomach,  and  with  more  or  less  of  the  fe- 
brile state ; — often  also  with  inflammation  and  its  conse- 
quences in  the  parts  immediately  adjoining  those  most  al- 
tered by  disease;  and  they  appear  to  be  fatal  by  reason  of 
the  debility  and  emaciation  thus  produced,  much  more  than 
by  reason  of  the  absorption  of  the  urine,  the  evacuation 
of  which  is  thus  impeded. 

VI.  The  Organs  of  Generation  in  both  sexes  are  very  li- 
able to  organic  disease,  as  may  be  expected  from  their  full 
.  supply  of  blood,  and  from  their  habitual  excitement  by 
changes  in  the  nervous  system.  Of  this,  the  frequency  of 
disease  of  the  prostate  is  one  example ;  and  the  testes  are 
liable  likewise  to  various  morbid  changes,  particularly  to 
depositions  in  their  substance  of  the  nature  of  vascular  sar- 
coma, of  tubercles,  or  of  medullary  sarcoma;  and  in  ad- 
.  van ced  life  to  the  true  scirrhus  ; — all  these  affections,  in 
this  as  in  other  parts,  often  beginning  from  injury  or  in- 
flammation, sometimes  gi'adually  taking  place  without  ob- 
vious cause.  These  last  changes,  when  they  are  the  effects 
of  constitutional  disorder,  or  when  they  have  lasted  so  long 
as  to  affect  the  constitution  at  large,  are  often  attended, 
not  only  with  much  pain,  but  with  fever,  taking  somewhat 
the  form  of  hectic,  great  debility,  and  emaciation ;  and  ulti- 
mately may  cause  death  by  exhaustion. 

The  uterus  is  still  more  liable  to  organic  changes  than 
any  of  the  male  organs  of  generation,  the  nature  of  which 
may  often  be  ascertained  by  examination,  or  known  almost 
with  certainty  by  the  state  of  the  symptoms  during  life. 
These  may  be  reduced  to  the  following  heads. 
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1.  Within  the  cavity  of  tlie  uterus,  various  morbid  for- 
mations may  take  place  on  its  mucous  membrane,  by  some 
of  which  it  may  be  distended,  and  even  its  cervix  expand- 
ed, as  by  the  development  of  the  foetus.  The  simplest  in 
its  mode  of  formation,  appears  to  be  the  tumor  occasionally 
seen  there,  which  consists  of  layers  of  partially  decolor- 
ized crassamentum  of  blood,  like  the  contents  of  an  aneu- 
rism, formed  by  a  morbid  alteration  of  the  menstrual  ex- 
cretion, and  apparently,  from  the  increase  of  uneasy  feel- 
ings at  stated  intervals,  receiving  an  increase  of  bulk  at  the 
menstrual  periods.  The  next  in  point  of  simplicity  are  the 
polypi,  often  growing  within  the  uterus,  and  projecting  into 
the  vagina  ;  which  seem  in  some  cases  to  originate  likewise 
in  coagula  of  effused  blood,  and  which  are  usually  attended 
with  frequent  and  pi'ofuse  haemorrhage.  Again,  in  some 
cases  a  mass  of  hydatids,  and  in  others  a  single  sac  con- 
taining a  serous  or  bloody  fluid,  has  been  found  to  occupy 
the  cavity  of  the  uterus,  and  the  contents  of  such  sac  have 
been  repeatedly  discharged  by  the  vagina.  And  in  un- 
healthy constitutions  masses  of  the  encephaloid  matter  have 
also  formed  here,  perhaps  in  some  instances  by  transforma- 
tion of  effused  blood. 

2.  In  some  instances  the  muscular  substance  of  the 
uterus  has  been  found  preternaturally  hard,  and  in  others 
preternaturally  soft,  without  decided  previous  inflammation; 
and  in  many  cases  ulceration,  beginning  on  the  mucous 
membrane  at  the  os  tincoe,  gradually  pervades  the  organ, 
causing  purulent  and  fetid  discharge,  with  very  little  of 
inflammatory  symptoms,  and  with  no  deposition  of  adven- 
titious textures  preceding  it. 

3.  Different  adventitious  textures  are  often  deposited  in 
the  substance,  or  even  originally  just  beneath  the  peritoneal 
coat  of  the  uterus.  Of  these  the  most  common  are  the 
Fibro-cartilaginous  tumors,  which  although  often  closely 
resembling  the  true  scirrhus  in  structure,  yet,  when  grow- 
ing quite  distinct  from  the  natural  textures,  may  be  found 
in  considerable  numbers,  attain  a  great  size,  last  long 
perfectly  inert,  and  cause  no  symptoms,  excepting  what 
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may  result  from  their  pressure  on  the  adjoining  parts ; — the 
medullary  sarcoma,  and  the  true  scirrhus,  both  of  which 
are  more  intimately  intermixed  with  the  muscular  texture, 
and  sometimes  with  each  other  in  the  same  subject.  These 
are  first  deposited  at  the  os  tincse  and  cervix  uteri,  causing 
enlargement,  irregularity,  and  generally  hardness  of  these 
parts ;  and  go  on  to  ulceration,  beginning  at  the  os  tincee, 
causing  much  fetid  discharge,  and  infallibly  spreading 
through  the  substance  of  the  organ  ;  frequently  spreading 
likewise  through  the  coats  of  the  rectum  or  bladder,  so  as 
to  establish  unnatural  communications ;  and  sometimes 
through  the  peritoneal  covering  of  the  uterus,  so  as  to  allow 
the  escape  of  the  morbid  secretion  into  the  cavity  of  the  ab- 
domen, and  excite  rapidly  fatal  peritoneal  inflammation. 

These  last  diseases  sometimes  appear  to  commence  with 
inflainmatory  symptoms,  or  at  least  with  increased  deter- 
mination of  blood  to  the  uterus,  denoted  by  uterine  hae- 
morrhage after  the  period  of  the  cessation  of  the  menses, 
before  any  puriform  discharge  begins ;  but  such  symptoms 
are  not  always  observed,  and  even  when  they  are,  it  may 
often  be  suspected,  that  an  unperceived  perversion  of  the 
nourishment  of  the  part  had  preceded  their  appearance; 
they  are  attended  generally  with  severe  pain,  referred  to  the 
back  and  lower  limbs,  as  well  as  to  the  pelvis  ;  but  liable  to 
great  and  long  continued  remissions ;  and  with  rapid  sink- 
ing of  strength,  frequently  febrile  symptoms,  and  ultimately 
extreme  emaciation. 

In  regard  to  all  organic  diseases  of  the  uterus,  it  is  to  be 
remembered,  first,  that  they  are  very  generally  attended 
with  various  sympathetic  sensations,  and  with  sympathetic 
derangement  of  the  functions  of  other  parts,  particularly  the 
stomach ;  and  secondly,  that  many  of  the  symptoms  that  are 
very  urgent  in  such  cases  may  depend  on  the  pressure  of 
the  diseased  and  enlarged  uterus  on  the  neighbouring  parts, 
and  on  the  chronic  inflammation  excited,  and  unnatural 
adhesions  frequently,  though  not  uniformly,  formed  among 
these ;  especially,  as  was  already  stated,  when  the  morbid 
growth  is  of  a  malignant  kind  (p.  560).    Thus  dysuria 
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from  such  affection  of  the  bladder,  dysenteric  symptoms 
from  such  affection  of  the  rectum,  in  some  instances  dis- 
ease of  the  kidneys  from  distention  of  the  ureter,  and  in 
many  colic  pains,  constipation,  vomiting,  &c.  from  adhe- 
sions of  the  folds  of  ileum  in  the  pelvis,  combine  themselves 
with  those  of  the  diseased  uterus.  In  some  instances, 
symptoms  also  arise  from  the  enlargement  and  degenera- 
tion of  lymphatic  glands  within  the  pelvis,  consequent  on 
such  diseases  of  the  uterus,  e.  g.  anasarca  of  one  or  both  of 
the  lower  extremities  from  pressui-e  on  the  iliac  veins. 

In  some  instances,  the  Fallopian  tubes  are  distended  by 
serous  cysts;  or  these  tubes,  and  the  broad  ligaments  of  the 
uterus,  are  beset  with  diflferent  kinds  of  morbid  growths, 
which  may  have  effects  on  the  adjacent  viscera,  similar  to 
those  just  now  described. 

•  •The  most  common  disease  of  the  Ovaria  is  the  formation 
of  encysted  tumors  (generally  several  in  one  ovary)  which 
appear  sometimes  to  commence  as  serous  cysts,  unconnect- 
ed with  the  sound  texture  of  the  organ,  but  frequently 
are  formed  by  the  distention  of  the  Graafian  vesicles,  and 
which  often  attain  an  enormous  size.  The  contents  of  these 
are  very  various  even  in  the  same  ovary ;  serous,  gelatinous, 
atheromatous,  or  purulent;  and  in  other  instances,  blood, 
more  or  less  altered  from  the  sound  state,  encephaloid 
matter,  or  melanosis.  In  otber  cases  sarcomatous,  fatty,  or 
fibro-cartilaginous  tumors  form  in  and  project  from  the  ova- 
ries ;  and  in  some,  these  different  morbid  growths  are  found 
combined.  Many  of  these  may  subsist  long,  and  cause  no 
symptoms  but  what  depend  on  their  situation  and  size,  and 
pressure  on  adjoining  parts ;  but  when  the  encephaloid  or 
melanotic  matter  is  deposited,  the  general  health  is  always 
much  impaired,  and  in  the  former  case  especially,  there  are 
often  repeated  attacks  of  inflammatory  symptoms,  followed 
by  increase  of  the  tumors. 

"VI.  Almost  every  known  variety  of  organic  disease  has 
been  repeatedly  observed  to  affect  the  contents  of  the  Cra- 
nium, and  almost  all  have  appeared  in  some  cases  to  origi- 
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nate  in  an  inflammatory  attack  (  e.  g.  from  an  injury)  and 
in  others  have  seemed  merely  results  of  perversion  of  nutri- 
tion, without  any  such  precursor.  The  hones  of  the  cra- 
nium are  sometimes  found  of  unusual  thickness,  and  ap- 
pear to  have  compressed  the  contents  j  exostoses  from  the 
inner  tahle,  and  sometimes  tumors,  even  passing  inwards 
through  the  bone,  from  the  pericranium,  have  been  found 
to  compress  and  irritate  parts  of  the  brain.  The  dura  mater 
has  been  found  partially  thickened,  ossified,  or  beset  with 
tubercles  or  other  kinds  of  tumor.  Attached  to  the  pia 
mater  on  the  surface,  or  to  the  membrane  continuous  with 
it  in  the  A'entricles,  or  detached  from  any  of  the  membranes 
in  the  substance  of  the  brain,  we  often  find  scrofulous  tu- 
bercles, especially  in  younger  subjects,  of  very  various 
number,  and  in  various  stages  of  progi'ess,  sometimes  the 
medullary  sarcoma,  or  other  morbid  growths  of  the  kinds 
which  affect  the  general  habit ;  sometimes  more  isolated 
tumors,  and  these  either  encysted  and  containing  serum  (as 
is  frequently  seen  in  the  choroid  plexus),  or  blood;  or  of  the 
class  described  as  sarcomatous,  and  answering  to  the  descrip- 
tion of  ceroma,  or  chondroma,  or  fibro-cartilaginous,  or  even 
bony.  We  have  also  examples  of  injurious  effects  on  the 
brain,  evidently  resulting  merely  from  a  diseased  state  of 
the  vessels,  enlargement  or  aneurisms  of  the  arteries,  or 
partial  obstructions  either  of  these  or  of  the  sinuses  from 
diseases  of  their  lining  membrane,  without  rupture. 

Again,  besides  the  hardening  and  softening  of  the  sub- 
stance of  the  brain,  which  were  described  as  effects  of  in- 
flammation, either  more  acute  or  more  chronic,  we  meet 
with  some  examples  of  both  those  changes  of  consistence  ia 
portions  of  the  brain,  without  change  of  colour,  or  any 
clear  evidence  of  inflammation ;  and  in  other  cases,  with 
the  hypertrophy,  formerly  described,  of  the  whole  cerebral 
substance,  or  more  partial  atrophy  of  the  nervous  matter. 
Along  with  almost  all  these  organic  lesions  within  the  cra- 
nium, serous  effusion  into  the  ventricles  is  often  found, 
and  sometimes  also  suppuration,  or  other  marks  of  recent 
inflammation. 
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Now,  all  that  can  be  said  with  confidence  as  to  the  symp- 
toms attending  and  denoting  this  great  variety  of  organic 
lesions  within  the  cranium,  may  be  briefly  expressed  thus : 

1.  A  great  variety  of  tliese  have  certainly  existed,  and 
probably  for  a  length  of  time,  in  some  cases,  without  caus- 
ing any  such  derangement  of  the  functions  of  the  brain,  as 
attracted  any  attention  ; — certainly  without  causing  so  de- 
cided derangement  of  these  functions  as  has  often  been  ob- 
served in  cases  where,  on  dissection,  no  morbid  alteration 
of  structure  could  be  detected. 

2.  In  a  much  greater  number  of  cases  these  organic  le- 
sions, as  well  as  those  which  result  directly  from  inflamma- 
tion within  the  head  (i.  e.  effusion  of  serum  and  of  lymph, 
abscesses,  yellow  or  red  softening  of  the  cerebi'al  substance), 
have  been  found  connected  with  derangement  of  some  de- 
partment of  the  functions  of  the  Brain, — of  Sensation,  of 
Thought,  or  Voluntary  motion  ;  but  the  seat  of  the  lesion 
has  no  ascertained  connexion  with  the  function  deranged 
farther  than  this,  that  any  paralytic  symptom  is  generally 
in  the  opposite  side  from  the  affected  part  of  the  brain,  and 
that  a  lesion  near  to  the  origin  of  a  nerve  may  be  expected 
to  affect  the  function  of  that  rather  than  of  a  distant  nerve*. 

3.  The  symptoms  found  in  connexion  with  these  organic 
lesions  of  the  brain  are  sometimes  quite  chronic,  and  nearly- 
unchanged  for  a  great  length  of  time,  e.  g.  constant  dull 
pain  of  head,  or  of  part  of  the  head,  constant  vertigo,  in- 
tractable nausea  and  vomiting  and  consequent  emaciation, 
amaurosis,  deafness,  loss  of  sensation  or  of  voluntary  power, 
or  both,  over  one  side  of  the  body,  or  in  a  single  limb,  con- 
tinually recurring  spasms  of  particular  muscles,  loss  of  me- 
mory, general  or  partial,  e.  g.  loss  of  the  meaning  of  words, 
or  that  of  substantive  nouns),  insanity  general  or  partial 
(i.  e.  characterized  by  erroneous  belief  or  delusions,  either 

"  Cases  have  occurred  to  myself  sufficient  to  shew,  that  no  reliance  can 
be  placed  on  the  supposed  connexion  of  disease  of  the  anterior  lobes  with 
palsy  of  the  tongue,  or  with  loss  of  the  memory  of  words,  of  the  corpus 
striatum  with  palsy  of  the  lower,  or  of  the  thalamus  with  palsy  of  the  up- 
per, extremity. 
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on  almost  all  subjects,  or  on  certain  subjects  only) ;  or  even 
partial  or  total  imbecility  or  fatuity. 

i.  In  many  of  these  cases,  such  organic  lesions  have  been 
found  in  connexion  with  violent  symptoms  recurring  only 
occasionally,  and  leaving  intervals,  either  of  perfect  health, 
or  of  some  of  the  less  violent  and  more  permanent  affec- 
tions of  the  nervous  system  ;  e.  g.  they  have  often  been  found 
connected  with  fits  of  epilepsy,  t.  e.  of  convulsion  with  in- 
sensibility, or  with  fits  of  transient  insensibility  without 
spasms,  or  with  fits  of  mania,  or  melancholia,  or  with  fits 
of  violent  headach,  or  vertigo,  or  other  uneasy  sensations 
affecting  the  head,  with  which  nausea  and  vomiting  are 
often  combined. 

5.  In  other  cases,  these  organic  lesions  are  found  after 
an  attack  of  fatal  coma,  preceded  by  more  or  less  of  febrile 
and  inflammatory  symptoms,  which  had  either  supervened 
on  some  of  the  more  chronic  diseases  above  mentioned,  or 
occurred  without  previous  ground  for  suspicion  of  cerebral 
disease ;  and  in  many,  there  is  a  combination  or  succession 
of  sevei'al  of  the  sets  of  symptoms,  acute  or  chronic,  in  the 
same  person. 

In  order  to  form  some  conception  how  so  great  variety 
should  exist  in  the  symptoms  connected  with  these  organic 
lesions  of  the  brain,  it  is  necessary  to  recollect  the  following 
principles. 

].  Nervous  matter  may  be  totally  unfit  for  its  functions 
in  the  living  body,  although  possessing  quite  its  usual 
structure  and  appearance,  and  duly  supplied  with  arterial 
blood ;  as  we  learn  from  some  cases  of  amaurosis,  or  of 
palsy,  unconnected  with  any  perceptible  alteration  of  the 
nerves  or  brain ;  and  again,  nervous  matter  may  undergo 
considerable  change  of  form  and  appearance,  if  slowly  and 
gradually  effected,  and  nevertheless  continue  to  perform 
its  functions ;  as  we  learn  particularly  from  some  obser- 
vations on  diseases  of  the  spinal  cord.  From  these  facts  it 
evidently  follows,  that  parts  of  the  brain  apparently  some- 
what diseased  may  still  be  susceptible  of  the  changes  which 
attend  the  exercise  of  sensation  or  thought,  and  again,  that 
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portions  of  nervous  matter  may  be  disqualified  for  their  func- 
tions by  such  organic  diseases,  although  situated  at  some 
distance  (and  in  a  direction  which  we  have  no  means  of 
ascertaining)  from  those  which  are  the  most  obviously  dis- 
eased. And  in  fact,  it  was  already  stated,  that  it  is  only 
by  deranging  the  functions  of  nervous  fibres  at  some  dis- 
tance from  itself,  that  any  lesion  of  parts  superior  to  the 
medulla  oblongata  can  cause  either  palsy  or  convulsion  *. 

2.  Any  such  organic  disease  must  necessarily  confine 
and  disturb  the  circulation  within  the  head,  and  there- 
fore will  necessarily  act  as  a  predisponent  cause  of  those 
diseased  states  which  may  be  excited,  either  by  sudden  de- 
termination of  blood  to  the  head,  or  by  sudden  diminution 
of  the  flow  of  blood  thither; — which  causes  are  certainly 
often  concerned  in  producing  the  more  temporary  diseases 
above  mentioned  as  connected  with  these  organic  afiections 
in  the  brain. 

3.  Such  organic  affections  must  also  evidently  act  as  a 
great  predisposing  cause  of  inflammatory  action  within  the 
cranium,  which  may  be  generally  supposed  to  have  occur- 
red, not  only  when  decidedly  inflammatory  effusions  are 
found,  but  whenever  there  is  reason  to  believe  that  a  rapid 
serous  effusion  has  taken  place,  especially  if  preceded  by 
violent  pain  and  febri-le  symptoms. 

It  will  readily  be  understood,  that  it  is  chiefly  by  the 
great  predisposition  given  to  these  more  acute  diseases, 
that  the  organic  lesions  of  the  brain  produce  fatal  coma ; 
although  in  some  cases,  the  more  chronic  and  uniform 
symptoms  which  they  excite  pass  insensibly  into  coma 
without  inflammatory  symptoms,  and  without  any  effusions 
that  can  be  ascribed  to  inflammation  appearing  on  dissec- 
tion. 

The  contents  of  the  canal  of  the  vertebrae,  and  the  nerves, 
are  liable  to  organic  lesions  corresponding  to  those  described 
in  the  contents  of  the  cranium,  and  with  similar  effects, 
often  well  marked,  but  likewise  variable,  in  the  functions  of 


•  See  Physiology,  p.  132. 
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the  spinal  cord  and  nerves.  When  the  spinal  cord  is  exten- 
sively and  seriously  injured  by  disease,  the  action  of  the 
organs  of  circulation  is  gradually  enfeebled  *,  and  death 
may  ensue  apparently  from  this  cause,  independently  of  the 
accession  of  coma.  Tumours  growing  within  the  sheaths 
of  nerves,  and  separating  their  fibres,  cause  intense  pain 
(liable,  however,  to  remarkable  remissions),  although  of  no 
malignant  nature. 

VII.  The  muscles  of  voluntary  motion  are  but  little  liable 
to  organic  changes  of  structure,  excepting  to  such  as  they 
undergo  in  consequence  of  disease  of  neighbouring  parts, 
common  with  other  textures,  and  where  their  affection 
forms  no  essential  part  of  the  danger  to  be  apprehend- 
ed. But  other  organs  of  locomotion,  especially  the  Bones, 
and  the  different  textures  about  the  Joints,  are  liable 
to  a  great  variety  of  morbid  changes,  several  of  them  cer- 
tainly dependent  on  inflammation  in  thfi  first  instance,  but 
which  go  on  for  a  length  of  time  after  all  the  effects  of 
mere  inflammation  are  at  an  end,  and 'admit  of  no  benefit 
during  the  greater  part  of  their  progress,  from  the  remedies 
for  inflammation.  These  are  sometimes  only  attendants  of 
other  morbid  actions  in  the  body  (as  in  many  scrofulous 
cases),  which  are  more  immediately  dangerous  than  them- 
+.  .  selves ;  but  in  many  cases  also,  they  are  dangerous  in 
\  themselves,  either  by  reason  of  the  constitutional  disorder 
(taking  more  or  less  the  form  of  Hectic  Fever)  which  they 
V  excite,  or  by  reason  of  the  injury  which  the  alteration  af  • 
c  fected  in  the  bones  necessarily  inflicts  on  the  parts  adjoin- 
ing to,  or  contained  within  them.  Of  these  organic  changes 
the  following  are  the  most  important. 

1.  There  is  a  great  and  general  perversion  (as  has  bceo- 
already  stated),  of  the  nutrition  and  growth  of  bones  in 
Rickets, — a  state  occurring  chiefly  in  scrofulous  habits,  and 
produced  by  the  same  causes  as  determine  the  formation  of 
the  scrofulous  diathesis ;  in  which  the  bones  are  not  only 
deficient  in  earthy  matter,  but  do  not  acquire  their  usual 
structure;  their  cellular  texture  is  less  compact  than  na- 

•  See  p.  329. 
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tural  ;  ihe  contents  of  the  cells  gelatinous  instead  of  being 
medullary;  and  the  medullf^ry  canals  are  not  formed  in 
the  interior  of  the  long  bones,  while  the  extremities  of  these 
bones  acquire  an  unnatural  size.  Such  irregular  deposi- 
tions of  phosphate  of  lime  sometimes  happen  *,  as  shew  that 
the  quantity  contained  in  the  system  is  not  deficient,  and 
that  the  fault  lies  in  the  vital  powers  and  affinities,  by 
which  the  nourishment  of  this  texture  is  appropriated. 
And  accordingly,  the  disease  is  often  checked,  not  by  the 
addition  of  earthy  matter  to  the  ingesta,  but  by  a  general 
tonic  mode  of  life.  The  altered  form  of  the  bones  in  this 
disease,  and  particularly  the  depression  of  the  sides  of  the 
chest,  compress  the  viscera,  and  give  necessarily  a  great 
predisposition  both  to  inflammation  and  to  organic  diseases 
there,  even  independently  of  any  simultaneous  scrofulous 
disease;  and  the  change  thus  effected  on  the  bones  of  the 
pelvis  often  renders  parturition  difficult  or  impossible. 

2.  Besides  the  simple  increase  of  osseous  substance  con- 
sequent on  inflammation,  and  besides  the  simple  Caries  or 
ulceration,  the  Exfoliation  consequent  on  the  death  of  the 
external  layei's  of  bone,  from  inflammation,  or  from  des- 
truction of  the  periosteum,  and  the  Necrosis  consequent  on 
the  death  of  the  internal  layers  from  similar  changes  in  the 
medullary  membrane, — there  arc  many  more  varied  local 
alterations  of  the  nutrition  of  bones  and  joints,  which  may 
be  traced,  for  the  most  part,  to  diseased  action  in  the  lin- 
ing membranes,  external  or  internal,  of  the  bones,  or  in  the 
synovial  membrane  of  the  joints.  These  are  seen  chiefly 
either  in  cases  where  there  are  indications  of  scrofulous 
disease,  or  in  syphilitic  cases ;  very  often  where  there  are 
clear  indications  both  of  previous  syphilis  and  previous 
scrofula;  and  in  scrofulous  habits,  they  are  certainly  often 
aggravated  by  the  use  of  mercury,  perhaps  chiefly  by  its 
indirect  agency  in  predisposing  to  aggravations  of  scrofu- 
lous disease,  after  its  own  iiifluence  on  the  system  is  over. 
The  most  important  of  these  are, 

1.  The  different  kinds  of  Exostoses,  or  hard  tumours 
growing  on  bone,  some  simply  bony,  some  cartilaginous, 
•  See  Wilson  on  the  Bones  and  .Joints,  p.  1C4. 
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some  containing  bony  matter  irregularly  diffused  through 
them  (osteo-sarcoraa),  and  of  these  some  containing  an  al- 
buminous matter  in  their  interstices,  and  others  the  matter 
of  fungus  liaematodes  ;  some  likewise  covered  by  periosteum, 
and  smooth  on  their  surface,  while  others  are  denuded  by 
ulceration  of  the  periosteum,  and  rough  on  their  surface, 
from  irregular  attendant  absorption  or  caries. 

2.  The  great  enlargement  and  expansion  of  the  cells  of 
the  bones,  chiefly  of  the  short  bones  or  extremities  of  the 
long  ones,  which  appear  to  be  produced  by  various  morbid 
growths  on  the  medullary  membrane  in  their  interior, 
distending  them,  and  causing  irregular  absorption  of  their 
substance,  generally  causing  likewise  severe  pain,  as  in  the 
Spina  Ventosa,  or  what  has  been  called  the  Medullary  Ex- 
ostosis ;  and  even,  in  the  opinion  of  some,  in  the  MoUities 
Ossium  of  adults,  where  the  disease  appears  to  consist  (at 
least  in  the  parts  most  affected),  in  the  substitution  of  a 
morbid  secretion  from  the  medullary  membrane,  or  of  a 
morbid  mass  formed  from  effused  blood  there,  for  the  bone 
which  is  absorbed,  rather  than  in  mere  alteration  of  the 
composition  of  the  bone. 

3.  The  Ulceration  and  Caries  beginning  in  the  cartilages, 
and  extending  into  the  bones  of  the  joints,  with  or  without 
deposition  of  tubei'cular  matter  into  their  cancelli,  which  are 
most  common  in  the  hip-joint,  and  cause  much  pain  and 
constitutional  disturbance  before  there  is  much  alteration 
of  the  form  of  the  joint. 

4.  The  altered  condition  of  the  synovial  membrane  of 
joints,  causing  much  swelling  and  alteration  of  their  form, 
which  seems  to  be  the  fundamental  change  in  most  cases 
that  ai-e  called  White  Swelling  of  the  Knee;  which  gra- 
dually becomes  complicated  with  disease  of  the  other  tex- 
tures of  the  joints,  but  is  attended  at  fii-st  with  little  pain, 
and  which  was  formerly  noticed  as  equally  characteristic 
of  scrofulous  disease  as  the  scrofulous  tubercles  them- 
selves *. 

•  Both  these  last  changes  may  supervene  on  sim])!e  inHanimation  of  the 
synovial  membrane  of  the  joints,  but  often  take  place  independently  of 
any  such  acute  disease  in  their  commencement ;  and  even  chronic  inflam- 
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5.  The  softening  and  Caries,  generally  attended  witli  tu- 
bercular deposition,  iu  the  bodies  of  one  or  more  of  the  ver- 
tebrae (affecting,  and  sometimes  beginning  in,  the  interver- 
tebral substances),  which  cause  pain,  tenderness,  and  pro- 
trusion of  their  spinous  processes,  and  have  the  name  of 
Morbus  Dorsalis. 

The  following  general  facts  demand  attention  in  regard 
to  these  local  diseases  of  the  bones  and  joints. 

1.  They  become  very  generally  attended,  during  their 
progress,  with  inflammation  and  suppuration  in  the  neigh- 
bouring soft  parts,  by  which  their  symptoms  are  rendered 
more  complex,  and  their  danger  often  increased ;  and  these 
are  not  to  be  ascribed  to  mechanical  pressure  from  enlar- 
ging parts,  but  are  sympathetic  effects,  similar  to  the  in- 
flammation often  excited  in  the  gum  or  in  the  cheek,-  in 
toothache,  by  a  diseased  action  originally  seated  in  the 
pulp  of  the  tooth ;  and  probably  depending  on  irritation  of 
the  nerves  of  the  diseased  parts  affecting  other  sentient  ex- 
tremities of  the  same  nerves. 

2.  The  portions  of  bones  destroyed  by  caries,  in  such 
diseases,  cannot  be  regenerated  in  their  natural  form ;  but, 
in  cases  where  the  constitution  suffers  less  than  usual,  and 
which  end  favourably,  fresh  bony  matter  is  thrown  out,  in 
an  irregular  form,  as  the  morbid  secretions  disappear; 
which  takes  the  place  of  the  different  textures  that  have  been 
destroyed,  and  often  constitutes  the  union  by  Anchylosis, 
either  of  the  articulating  ends  of  bones  or  of  the  bodies  of 
vertebrae. 

3.  All  these  processes  necessarily  impede,  or  even  wholly 
prevent,  the  exercise  of  the  functions  of  the  parts  aflfected 
in  locomotion,  and  several  of  them,  especially  such  as  ori- 
ginate in  the  interior  of  bones,  are  attended  with  severe 
pain;  and  with  such  constitutional  .disturbance  as  may  pro- 
duce death  in  like  manner  as  internal  suppuration  and  ul- 
ceration do.    In  several  of  these  likewise,  symptoms  arc 

mation  of  the  synovial  membrane  does  not  necessarily  lead  to  any  such 
changes,  its  effects  being  often  confined  to  fluid  effusion  into  the  .joint,  and 
thiclc«ning  of  the  capsular  ligament,  and  consequent  stiffness. 
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often  produced,  which  depend  on  the  compression  or  irrita- 
tion of  parts  of  the  nervous  system ;  e.  g.  the  pain  of  the 
knee  from  disease  of  the  hip-joint,  the  pain  stretching  round 
the  abdomen  from  disease  of  the  vertebrae  ;  but  especially 
the  palsy  of  the  lower  limbs  and  lower  part  of  the  trunk,  and 
consequent  retention  of  urine,  apparently  from  loss  of  sen- 
sation, and  afterwards  incontinence  of  urine  from  inflam- 
mation of  the  mucous  membrane  of  the  bladder,  and  irrita- 
tion of  its  muscular  coats  *,  and  frequently  also,  the  gan- 
grene of  the  nates  from  presstire, — in  cases  of  extensive 
caries  of  the  vertebrae.  These  effects  are  to  be  ascribed,  not 
to  the  mere  incurvation  of  the  spinal  cord,  by  the  change 
of  form  of  the  canal,  but  probably  in  every  case  to  actual 
injury  of  the  cord,  either  by  the  disease  extending  to  its 
membranous  coverings,  or  by  the  pressure  of  displaced  or 
detached  bone. 

VIII.  In  more  external  parts  of  the  body,  there  are  vari- 
ous well  known  diseases  depending  on  organic  changes, 
which  it  appears  sufficient  merely  to  enumerate. 

1.  The  cornea  acquires  an  increased  size,  and  becomes 
almost  perfectly  opaque  in  the  Staphyloma  of  children,  of- 
ten consequent  on,  but  certainly  not  a  simple  effect  of 
ophthalmia ;  and  the  crystalline  lens  of  the  eye  is  gradually 
converted  into  an  opaque  mass,  sometimes  of  more,  and  at 
other  times  of  less  consistence,  constituting  the  different 
forms  of  Cataract  which  obscure  or  extinguish  vision  in 
many  persons  advanced  in  life. 

2.  At  vai'ious  periods  of  life  Polypi  form  on  the  mucous 
membrane  of  the  nostrils,  which  are  somewhat  various  in 
texture,  seldom  become  attended  either  with  haemorrhage 
or  ulceration ;  but  often  cause  much  uneasiness,  and  im- 
pair both  the  sense  of  smell,  and  the  passage  of  air. 

3.  There  are  various  diseases  of  the  skin  (of  the  class 
termed  Tubercular  by  Willan)  which  consists  in  increased 
and  perverted  nutrition  of  the  texture,  of  which  the  most 
striking  example  is  the  Elephantiasis,  endemic  from  un- 

•  See  Physiology,  p,  113  and  115. 
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known  causes  in  some  countries,  and  existing  occasionally, 
and  as  a  more  local  disease  in  others :  attended  with,  and 
always  aggravated  by,  repeated  attacks  of  erysipelatous  in- 
flammation, but  not  necessarily  originating  in  such  inflam- 
mation, and  differing  widely  from  its  usual  products. 

4.  The  subcutaneous  cellular  membrane,  and  the  portions 
of  the  same  texture  which  penetrate  among  the  muscles 
and  external  glands,  and  extend  to  the  bones,  are  a  fre- 
quent seat  of  encysted  or  sarcomatous  tumors  of  all  varie- 
ties. 

5.  The  subcutaneous  lymphatic  glands  are  very  fre- 
quently in  scrofulous  persons,  and  in  cold  and  moist  cli- 
mates, the  seat  of  tubercles,  sometimes  apparently  origi- 
nating in  inflammation,  but  often  growing  slowly  with- 
out pain,  exciting  inflammation  around  them  when  they 
have  attained  a  considerable  size,  and  then  passing  into 
partial  suppuration  and  slow  ulceration.  These  are  some- 
times so  general  over  the  body  as  to  be  attended  with  hec- 
tive  fever ;  but  much  more  generally  they  are  dangerous 
only  as  indications  of  the  diathesis,  from  which  scrofulous 
affections  of  more  important  organs  are  to  be  apprehended. 

6.  Various  parts  situated  externally,  the  lips,  the  tongue, 
the  lymphatic  glands,  but  above  all  the  mammas,  are  liable 
in  persons  advanced  in  life,  to  the  formation  of  tumors, 
with  or  without  known  cause ;  which  either  have  from  the 
first,  or  gradually  acquire,  the  character  of  true  Scirrhus,  ex- 
tending to  the  adjoining  parts,  causing  paroxysms  of  severe 
pain,  becoming  attended  with  much  weakness  and  emacia- 
tion, and  passing  ultimately  into  intractable  and  exhaust- 
ing ulceration. 
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CHAPTER  XL 

OF  DISEASED  STATES  OF  THE  EXHALATIONS. 

We  liere  treat  of  Dropsical  Effusions,  and  of  certain 
other  cases  of  disease,  wliere  increased  and  somewhat  al- 
tered Exhalation  into  the  shut  cavities,  or  cellular  mem- 
brane (without  any  of  the  effusions  characteristic  of  inflam- 
mation), is  the  most  essential  part  of  the  morbid  change, 
and  often  the  immediate  cause  of  death,  by  Coma  or 
Asphyxia.  These  are  most  generally,  however,  consecutive 
on  other  diseased  states,  often  parts  of  very  complex  dis- 
eases ;  and  after  what  has  been  said  of  inflammation,  and 
of  congestions  of  blood,  as  causes  of  serous  effusions,  and 
likewise  of  obstructions  to  the  free  movement  of  blood,  es- 
pecially in  the  veins,  as  a  great  predisposing  cause  both  of 
inflammation  and  congestion,  we  need  not  dwell  at  any 
length  on  the  pathology  of  Dropsy. 

We  mentioned  formei'ly  two  cases  in  which  serous  effu- 
sion, consequent  on  mei'e  inflammatory  action,  without  any 
obstruction  to  the  return  of  the  venous  blood,  may  be  fatal, 
viz.  the  common  case  of  rapid  effusion  of  serum  into  the 
ventricles  of  the  brain  ;  and  the  rare  case  of  pneumonia, 
affecting  both  lungs  at  once,  and  fatal  by  serous  effusion 
into  the  cells  of  the  lungs,  before  any  but  that  first  effect 
of  inflammation  has  taken  place. 

In  the  case  of  Hydrocephalus,  and  probably  in  the  case  of 
acute  CEdema  of  the  lungs  also,  organic  disease  of  the  organ 
'  affected  very  often  exists  ;  and,  by  confining  and  disturbing 
the  circulation,  is  no  doubt  concerned  in  producing  the 
effusion ;  but  it  is  not  such  organic  disease  as  necessarily 
obstructs  the  flow  of  the  blood  in  the  veins. 

That  the  cause  of  the  oedema  of  the  lungs  in  a  case  of  this 
last  kind,  is  inflammation  of  the  lungs,  we  infer  from  the 
symptoms,  local  and  general,  being  those  of  pneumonia, 
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rapidly  fatal,  and  from  the  appearances  (redness,  with  co- 
pious serous  effusion),  being  just  the  same  as  we  see  in  or- 
dinary cases  of  pneumonia,  in  the  portions  of  lung  imme- 
diately adjoining  that  which  is  most  severely  inflamed. 

That  the  serous  effusion  into  the  ventricles  of  the  brain, 
in  the  acute  Hydrocephalus,  common  in  children,  especially 
f  scrofulous,  is  to  be  ascribed  to  an  increased  determina- 
tion of  blood,  approaching,  if  not  amounting,  to  inflamma- 
tory action,  we  infer  chiefly  from  these  facts, 

1.  That  the  combination  and  succession  of  symptoms,  in 
cases  of  that  kind,  fever,  acute  pain  of  head,  nausea  and 
vomiting,  impatience  of  light  and  sound,  followed  by  slow 
or  irregular,  and  then  very  quick  pulse,  by  delirium,  con- 
vulsions, dilated  pupil,  squint,  and  double  vision,  and  fatal 
coma  (although  admitting,  as  the  symptoms  of  all  diseases 
do,  of  some  modification  in  different  individual  cases),  are 
the  same  as  are  met  with  in  many  cases  where,  either  from 
injury  or  other  causes,  unequivocal  inflammation  of  the 
brain  or  its  membranes  takes  place,  and  its  effects  are  seen 
on  dissection. 

2.  That,  in  cases  of  this  decided  inflammation  of  the 
brain,  besides  inflammatory  effusions,  softening  of  the  brain, 
&c.  serous  effusion  into  the  ventricles  is  almost  iuA^ariably 
found ;  while,  on  the  other  hand,  in  cases  usually  called 
Hydrocephalus,  where  the  chief  appearance  is  the  serous 
effusion,  strictly  inflammatory  appearances,  to  a  small  ex- 
tent, very  often  exist. 

3.  That  when  the  symptoms  of  the  first  stage  of  hydro- 
cephalus are  treated  by  the  active  antiphlogistic  remedies, 
particularly  by  general  bloodletting  and  full  purging,  the 
blood  often  shews  the  buffy  coat,  and  the  progress  of  the 
disease  is  often  successfully  arrested. 

Again  there  are  many  cases  of  fatal  Coma  in  adults,  some 
very  rapid,  and  others  slow  in  their  progress, — some  pre- 
ceded by  no  premonitory  symptoms,  others  by  all  possible 
varieties  of  alteration  in  sensation,  thought,  and  voluntary 
power, — where  nothing  but  serous  effusion  is  found,  but 
where  no  decided  febrile  or  inflammatorysymptoms  have  prc_ 
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ceded  the  fatal  coma,  and  which  have  the  name  of  Serous 
Apoplexy ;  in  such  cases  likewise,  the  precise  resemblance 
of  the  symptoms  to  those  in  which  hfemorrhage  is  ascer- 
tained to  have  taken  place,  and  the  experience  of  the  juvan- 
tia  and  Ijiedentia,  entitle  us  to  say  that  the  effusion  is  gene- 
rally to  be  ascribed  to  increased  determination  and  conges- 
tion of  blood,  although  no  obstacle  to  the  return  of  the  ve- 
nous blood  may  exist  *. 

The  Hydi-ocele,  or  di'opsy  of  the  tunica  vaginalis  testis,  is 
another  case,  often  referable,  in  the  first  instance,  to  an  in. 
flammatory  action,  as  when  it  is  excited  by  a  blow,  and  al- 
though naturally  favoured  by  the  position  of  the  part,  not 
distinctly  referable  to  obstruction  of  the  venous  circulation. 

In  other  cases,  dropsical  eifusions  are  apt  to  go  on  to  a 
greater  extent  than  in  these,  and  perhaps  in  all  others  some 
impediment  exists,  if  not  to  the  flow  of  blood  in  the  veins, 
at  least  to  its  free  movement  in  some  part  of  the  system, 
which  retards  the  capillary  circulation  in  some  consider- 
able surface,  and  favours  the  escape  of  more  tban  usual  of 
the  serous  part  of  the  blood. 

In  general,  in  dropsical  cases,  the  vital  actions  in  the 
vessels  which  yield  the  effusion  have  not  undergone  any 
change  in  kind^  as  they  necessarily  have  in  cases  of  inflam- 
mation ;  but  the  natural  action  of  Exhalation  from  these 
vessels  predominates  over  that  of  Absorption ;  generally  on 
account  of  some  impediment  to  the  I'eturn  of  venous  blood 
from  them,  situated  at  some  distance  from  themselves,  but 
causing  congestion  and  retarded  flow  in  them,  and  facilita- 
ting transudation  from  them. 

There  are  some  cases,  even  of  general  dropsy,  where  no 
such  impediment  to  the  circulation  can  be  detected,  but 
such  cases  are  in  general  slight  and  easily  removed,  unless 
they  occur  towards  the  close  of  a  long  continued  disease, 

■  It  is  worth  notice,  that  although,  in  the  natural  state,  the  serum 
within  the  ventricles,  and  that  beneath  the  arachnoid,  communicate  by  the 
opening  at  the  extremity  of  the  fourth  ventricle ;  yet,  when  the  ventricles 
are  considerably  distended,  tliis  opening  appears  to  be  closed  by  the  appo- 
sition of  its  sides,  and  the  surface  of  the  brain  is  generally  drier  than  na- 
tural. 
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which  is  (laiigerous  in  itself.  The  truly  important  distinc- 
tion among  dropsies  is  according  to  the  nature  and  seat  of 
the  local  disease,  obstructing  or  impeding  the  circulation, 
with  which  they  are  connected ;  but  it  is  of  cpurse  necessary 
likewise  to  ascertain,  as  far  as  possible,  in  every  case,  what 
cavities  are  occupied  by  the  effusion. 

Anasarcous  or  cedematous  swellings,  dependent  on  effu- 
sion into  the  subcutaneous  cellular  membrane,  are  easily 
known  by  their  soft  feel,  without  discoloration,  and  by  pit- 
ting on  pressure ;  and  the  Ascites,  or  effusion  into  the  cavity 
of  the  abdomen,  by  the  sense  of  fluctuation  felt  with  our 
hand  when  the  abdomen  is  gently  struck  by  the  other,  par- 
ticularly if  this  is  most  distinct  in  whatever  part  of  the  ab- 
domen is  lowest  in  the  position  of  the  patient. 

The  effusion  into  the  cavity  of  the  Chest  is  not  so  easily 
discriminated,  especially  as  it  is  very  often  only  a  part  of 
the  cause  of  the  dyspnoea,  and  other  general  symptoms, 
which  are  present;  and  when  it  occupies  both  sides  of  the 
chest,  it  may  be  a  cause  of  considerable  dyspnoea,  with- 
out going  to  such  an  extent  in  either  as  to  be  distinctly 
ascertained  by  examination.  But  in  manjr  cases,  the  dull 
sound  on  percussion,  and  obscured,  or  even  suppressed 
respiratory  murmur,  in  whatever  part  of  the  chest  is  low- 
est at  the  time  of  examination,  and  the  disappearance  of 
these  symptoms  in  that  part,  when  it  is  made  highest,  suf- 
ficiently denote  the  disease. 

The  dropsy  of  the  Pericardium,  when  unattended  with 
any  strictly  inflammatory  effusion,  seldom  exists  without 
dropsy  in  other  parts  of  the  chest,  and  other  disease  with- 
in the  chest;  its  diagnosis  is  uncertain,  but  when  consider- 
able it  causes  a  dull  sound  on  percussion  ;  makes  the  heart's 
action  feeble  and  irregular,  with  variable  and  perhaps  un- 
dulating impulse ;  and  the  recumbent  and  especially  the 
supine  position  insupportable. 

In  many  cases  dropsical  eff'usion,  though  without  inflam- 
matory symptoms,  takes  place  into  the  cells  of  the  Lungs, 
more  than  into  any  other  part  within  the  chest.  In  such 
the  sound  on  percussion  is  hardly  sensibly  altered  ;  but  the 


OF  DISEASED  STATES  OF  THE  EXHALATIONS.  619 


respiratory  murmur  at  the  part  that  lies  lowest  is  obscured, 
and  sometimes  the  rale  crepitant  or  suus-crepitant  may  be 
perceived ;  but  as  this  case  is  generally  complicated,  at 
least  with  bronchitis,  causing  the  sonorous  and  mucous 
rale,  the  diagnosis  is  generally  difficult. 

The  increase  of  dyspnoea  on  lying  down,  although  often 
a  striking,  is  neither  a  uniform  nor  characteristic,  symptom 
of  any  serous  effusion  within  the  chest ;  and  the  starting 
from  sleep  is  certainly  not  an  effect  of  this  effusion,  depend- 
ing generally,  when  it  is  observed,  on  concomitant  disease 
of  the  heart.  But  the  presence  of  anasarca,  and  of  scanty 
urine,  especially  if  these  can  be  ascertained  to  have  been 
contemporaneous  with  the  attack  of  dyspnoea,  always  give 
great  reason  to  suspect  that  effusion  exists  ;  there  being  few 
cases  of  any  considerable  dropsy  either  of  the  thorax  or 
abdomen  without  these  symptoms. 

The  internal  parts,  with  disease  of  which  dropsy  is  most 
naturally  connected,  with  the  symptoms  of  which,  therefore, 
its  indications  are  most  frequently  combined,  are,  the  Heart, 
the  Lungs,  the  Liver,  and  the  Kidneys.    The  effect  of  such 
organic  diseases  as  have  been  described,  or  of  inflammatory 
effusions,  at  the  heart,  at  the  lungs,  or  at  the  liver,  in  retard- 
ing the  flow  of  blood  in  the  great  veins,  either  the  venae  cavae, 
or  the  vena  portije,  requires  no  illustration.     When  the 
kidneys  are  diseased,  although  no  great  veins  be  affected, 
the  natural  outlet  of  part  of  the  serum  of  the  blood  is  more 
or  less  obstructed.    The  chronic  diseases  already  men- 
tioned, of  the  peritoneum  and  of  the  mesenteric  glands,  are 
likewise  frequently  attended  with  dropsy,  probably  by  ]-ea- 
8on  of  pressure  on  some  of  the  mesenteric  veins.   And  in  a 
large  proportion,  especially  of  the  worst  cases,  dropsical  ef- 
fusion is  connected  with  simultaneous  disease  of  two  or 
more  of  the  parts  above  mentioned.    The  following  ap- 
pear the  most  important  principles  to  be  kept  in  mind,  re- 
garding its  connection  with  the  diseases  of  these  parts. 

1.  It  is  not  a  uniform,  and  therefore  not  a  necessary 
consequence,  of  any  disease  that  we  can  specify  in  any  one 
of  these  parts  ;  and  the  chronic  diseases  of  them,  on  which 
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it  so  IVcqueiitly  enpci  vcnes,  may  be  regarded  simply  as 
great  and  permanent  predispmient  causes  of  it.  When  that 
predisposition  (dependent  on  a  more  or  less  obstructed  state 
of  the  circulation)  exists  from  chi'onic  disease  of  one  of 
these  parts,  an  acute  disease,  although  slight,  of  another  of 
these,  or  even  a  general  disturbance  of  the  circulation,  is 
often  the  exciting  cause  of  the  first  accession,  or  of  the  sub- 
sequent returns  of  dropsical  effusion  ;  and  the  greater  the 
amount  of  the  permanent  predisposition,  and  the  more  fre- 
quently the  dropsical  effusion  has  recurred,  the  less  action 
of  any  exciting  cause  is  necessary  to  reproduce  it.  There 
are,  however,  cases  of  peculiar  tendency  to  dropsical  effu- 
sion, the  cause  of  which  is  quite  obscure. 

2.  Inflammation  of  the  heart,  of  the  lungs,  or  of  the  kid- 
neys, appears  in  some  cases  to  excite  dropsical  effusion, 
when  no  other  disease  of  internal  organs  exists.  This  we 
conclude  from  the  dropsy,  wliether  general,  or  partial,  su- 
pervening almost  immediately  on  the  usual  symptoms  of 
inflammation  of  these  parts ; — or,  in  the  case  of  the  kidneys, 
from  its  being  attended  with  the  albuminous  urine,  of  low 
specific  gravity,  and  taking  place  suddenly,  generally  from 
exposure  to  cold,  and  with  febrile  symptoms ;  which  com- 
bination of  circumstances,  although  there  be  little  or  no 
local  pain,  may  be  beld  to  be  a  sure  mark  of  such  an  in- 
flammatory action  at  the  kidneys,  as  tends  to  the  disease 
of  their  secreting  texture  formerly  described  (p.  5.55). 
Such  cases  have  the  name  of  Acute  or  Inflammatory  Dropsy. 
But  in  most  cases  of  dropsy  supervening  so  rapidly  on  in- 
flammation of  any  one  of  these  organs,  it  will  probably  ap- 
pear, on  careful  examination,  that  another  of  them  is  at  least 
slightly  inflamed  also ;  e.  g.  that  some  degree  of  pneumonia 
or  bronchitis  attends  either  the  acute  dropsy  with  coagillable 
urine,  or  that  which  is  apparently  owing  merely  to  inflam- 
mation at  the  heart.  The  acute  dropsy  after  scarlatina  is 
generally  attended  with  coagulable  urine,  and  may  there- 
fore be  supposed  to  depend  on  subacute  inflammation  of 
the  kidneys,  coinciding  with  the  obstructed  state  of  the  ex- 
cretion at  the  skin.    But  in  severe  cases  of  this  kind,  in- 
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flammation  within  the  thorax  is  very  generally  present 
likewise. 

3.  When  the  permanent  predisposition,  resulting  from 
organic  disease  of  any  one  bf  these  organs,  exists,  it  is  im- 
portant to  be  aware  of  the  nature  of  the  fresh  attacks  of 
disease,  from  which  attacks  of  dropsy  are  most  to  be  ap- 
prehended. 

a.  Most  of  the  attacks,  in  this  description  of  patients, 
which  take  place  suddenly^  especially  if  attacks  of  general 
dropsy,  appear  to  depend  on  an  inflammation,  often  of  no 
great  intensity,  in  the  lungs  or  bronchise,  (which  will  ne- 
cessarily be  attended  with  some  acceleration  of  the  pulse, 
and  at  the  same  time  with  some  impediment  to  the  flow  of 
blood  through  the  lungs)  ;  supervening  either  on  disease  in 
the  left  side  of  the  heart, — or  on  permanent  organic  disease 
(e.  g.  partial  condensation  from  previous  inflammation)  of 
the  lungs  themselves,  or  on  an  obstructed  state  of  the  liver 
or  kidneys. 

b.  There  are  other  cases  in  which  pretty  acute,  but  more 
partial, "dropsy  supervenes  on  these  chronic  and  organic  dis- 
eases, and  where  its  immediate  cause  appears  to  be  a  sub- 
acute inflammation  of  the  membrane  where  the  efi^usion 
takes  place,  generally  the  pleura  or  peritoneum ;  and  in 
some  such  cases,  on  dissection,  a  few  flakes  of  adhesive 
lymph  are  found  mixed  with  the  serous  effusion ;  the  affec- 
tion of  the  serous  membrane  evidently  commences  as  in- 
flammation, but  an  unusual  amount  and  duration  of  serous 
effusion,  consequent  on  that  inflammation,  is  determined  by 
the  existing  organic  disease  which  retards  the  venous  circu- 
lation. 

c.  When  dropsy  supervenes  more  slowly  on  organic  dis- 
ease of  the  heart,  it  may  often  be  ascribed,  in  part,  to  the 
accession  of  chronic  bronchitis,  to  which  it  was  formerly 
stated,  that  any  obstruction  on  the  left  side  of  the  heart 
gives  a  great  predisposition.  In  this  case,  the  effusion  into 
the  cells  of  the  lungs  is  perhaps  fully  as  common  as  that 
into  the  cavity  of  the  chest. 

d.  When  dropsy,  especially  if  ascites,  slowly  supervenes 
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oil  chronic  disease  of  the  lungs  [e.g.  on  old  asthma  and  em- 
physema), the  reason  generally  is,  that  the  liver  has  hecome 
hardened  and  obstructed  *. 

Here  it  should  be  observed,  tliat  as  Iiydrothorax,  or  ge- 
neral dropsy,  from  disease  witliin  the  chest,  is  more  fre- 
quently, in  part,  dependent  on  a  temporary  remediable  cause 
{e,  g.  bronchitis)  tlian  ascites  from  disease  of  liver,  so  it 
is  more  frequently  seen  to  abate  under  remedies. 

e.  Dropsy  with  diseased  kidney  is  probably  more  variable 
than  that  dependent  on  any  other  cause —  often  abating  en- 
tirely, without  any  improvement  of  other  symptoms.  And 
there  is  this  peculiarity  attending  it,  that  the  bulk  of  the 
urine  passed  in  the  day  is  sometimes  fully  as  great  as  na- 
tural ;  and  in  some  instances  is  raised  by  medicines  consider- 
ably above  what  is  natural,  for  some  time  together,  without 
diminution  of  the  dropsy  ;  whereas  in  other  cases  of  dropsy, 
a  full  flow  of  urine,  though  often  a  temporary,  is  a  certain 
cause  of  absorption  of  the  effused  fluid. 

4.  As  a  certain  degree  of  retardation  of  the  motion  of  the 
blood  seems  essential  to  dropsical  effusion,  it  is  easy  to  un- 
derstand, that  while  on  the  one  hand  it  is  favoured  by  such 
a  degree  of  fulness  of  blood,  as  increases  the  effect  of  any 
mechanical  impediment  to  the  circulation  (and  is  more  apt 
to  supervene,  therefore,  on  a  given  amount  of  obstruction 
at  the  heart  in  a  young  and  strong,  than  in  an  old  and  fee- 
ble subject), — it  must  also,  on  the  other  hand,  be  favoured 
by  such  a  state  of  weakness  as  hinders  the  blood  in  the  ca- 
pillaries from  receiving  their  due  impulse  from  the  action 
of  the  heart ;  and  therefore  should  often  gradually  supervene 
in  tlie  later  stages  of  diseases  where  any  organic  obstruc- 
tion exists,  although  absent  in  the  earlier  stages;  and  .should 
in  some  such  cases  be  apparently  promoted  by  evacuations  of 
blood.  The  effusion  into  the  cells  of  the  lungs,  in  particular, 
is  apt  to  occur,  in  a  greater  or  less  degree,  in  circumstances 
of  extreme  debility,  from  whatever  cause  that  may  arise. 

Dropsical  effusion  is  always  injurious  to  the  vital  power 
of  the  capillaries  in  its  immediate  neighbourhood,  the  cir- 

•  See  p.  571. 
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culation  iu  which  must  necessarily  be  impeded  by  the  pres- 
sure of  the  effused  fluid ;  as  is  distinctly  shewn  by  the  cold- 
ness of  dropsical  limbs,  and  still  more  by  their  peculiar  ten- 
dency to  gangrene  when  inflamed.  In  this  way  such  effu- 
sion in  the  abdomen  must  necessarily  impede  the  functions 
going  on  there,  and  so  co-operate  towards  the  fatal  event  of 
cases  where  it  occurs.  In  the  thorax  it  is  frequently  the 
cause,  or  great  part  of  the  cause,  of  death  by  Asphyxia. 
And  it  is  also  to  be  observed,  that  when  much  dropsy,  es- 
pecially within  the  chest,  exists,  even  independently  of  dis- 
ease of  the  heart,  sudden  death  is  not  uncommon.  Lastly, 
in  the  course  of  dropsical  diseases,  effusion  not  unfrequent- 
ly  takes  place  in  the  venti-icles  of  the  brain,  and  causes  fatal 
Coma;  and  this  sometimes  unexpectedly,  without  increase 
of  the  other  dropsical  effusions. 

There  are  many  cases  of  partial  dropsy,  as,  e.  g.  of  the 
lower  limbs,  evidently  explained  by  compression,  or  some 
mode  of  obstruction,  of  the  larger  veins  leading  from  the 
part,  as  by  enlarged  lymphatic  glands.  The  most  remark- 
able case  of  the  kind  is  the  phlegmasia  dolens,  or  great 
swelling  of  the  leg  and  thigh,  painful,  but  without  disco- 
loration, occasionally  seen  in  women  after  delivery,  and 
which  has  been  ascertained  by  Dr  Davis,  Dr  Lee,  and 
others,  to  proceed  in  some  cases,  and  may  probably  proceed 
in  all,  fi'om  inflammation  in  the  uterine  veins,  extending  to 
the  iliac  veins,  and  causing  effusion  of  coagulable  lymph,  by 
which  they  are  plugged.  But  in  this  case  the  serum  effused 
into  the  cellular  texture  of  the  limb  is  somewhat  albumi- 
nous, or  nearly  of  gelatinous  consistence,  so  that  the  swel- 
ling has  a  degree  of  elasticity.  A  somewhat  similar  condi- 
tion of  the  effused  fluid  is  seen  in  some  eases  of  anasarcous 
effusion  from  more  common  causes. 

The  effusion  of  firm  matter  into  the  cellular  membrane 
of  new-born  infants,  which  is  occasionally  seen,  and  even 
prevails  epidemically  at  times,  and  has  the  name  of  Skin- 
bound,  has  been  likewise  described  as  a  kind  of  cedema ;  but 
appears  to  be  rather  a  variety  of  erysipelatous  or  diffuse  in- 
flammation of  the  cellular  membrane. 
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There  are  some  cases  of  haemorrhage  on  serous  mem- 
branes, or  in  cellular  texture,  which  appear  to  be  rather 
perversion  of  the  natural  exhalation  there,  than  the  eflFect 
either  of  rupture  of  vessels  or  of  inflammation  ;  but  in  most 
cases  where  such  haemorrhage  without  rupture  takes  place, 
it  is  attended  either  with  some  of  the  sywaptoms,  and  with 
some  of  the  ordinary  effusions,  of  inflammation, — or  else  with 
the  indications  of  a  general  morbid  state  of  the  blood,  to  bo 
presently  mentioned. 


CHAPTER  XIL 

OF  DISEASED  STATES  OF  THE  BLOOD. 


It  has  been  already  stated,  that  in  those  Inflammations 
which  were  described  as  specific, —  in  those  Febrile  diseases 
which  arise  from  peculiar  poisons,  and  especially  in  those 
which  are  contagious, — and  in  those  Organic  diseases  which 
are  constitutional, — a  diseased  state  of  the  blood,  as  to  its  vital, 
if  not  as  to  its  physical  or  chemical  qualities,  pretty  certain- 
ly exists ;  and  is  essential  to  the  production  of  these  diseas- 
es, although  not  constituting  their  most  obvious  and  distinc- 
tive character.  In  the  present  state  of  our  knowledge,  these 
states  of  the  blood  are  hardly  known  to  us  otherwise  than 
as  the  cause,  or  part  of  the  cause,  of  the  effects  in  question. 
In  the  different  contagious  febrile  diseases  the  blood  coagu- 
lates less  firmly  than  usual ;  in  Rheumatism  it  contracts  more 
strongly,  shews  a  stronger  bufly  coat,  and  apparently  throws 
out  more  fibrine  on  an  inflamed  surface  (such  as  the  pericar- 
dium) than  in  other  cases;  in  gout  the  exudations  from  inflam- 
ed vessels  contain  uric  acid  ;  and  in  scrofula  they  often  take 
the  form  of  tubercles.  In  some  of  the  constitutional  orga- 
nic diseases,  such  as  the  Fungus  Hasmatodes,  as  well  as  in 
extensive  suppurations,  the  morbid  matter  has  been  often 
found  in  the  veins  of  the  parts  chiefly  affected,  and  even  in  the 
heart.  In  cases  of  Amenorrhoea,  and  Chlorosis,  and  in  a  few 
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cases,  where  no  cause  for  the  symptoms  is  known,  the  very 
pale,  sallow,  greenish,  or  yellowish  complexion  evidently 
shews,  that  the  blood  has  undergone  a  change  of  composi- 
tion. But  these  facts  are  not  sufficient  to  give  us  any  pre- 
cise information,  either  as  to  the  cause  or  the  exact  nature, 
or  extent  of  influence,  of  the  change  effected  in  the  blood 
in  these  diseases.  Besides  these,  there  are  a  few  cases,  in 
which  a  diseased  state  of  the  blood  not  only  evidently  exists, 
but  is  more  obviously  concerned  in  producing  the  essential 
symptoms. 

I.  There  are  cases  in  which,  from  original  malformation, 
of  which  there  are  many  varieties  *,  the  arterial  and  venous 
blood  are  mixed  in  various  proportions  at  the  heart ;  so  that 
part  of  the  blood,  which  is  conveyed  by  the  aorta,  has  not 
been  at  the  lungs  since  its  last  circulation  through  the  body. 
From  this  arises  a  bluish  or  livid  colour  of  the  skin  and  lips, 
varying  in  intensity  in  different  cases, — easily  increased  by 
any  exertion,  and  so  distinct  as  to  have  procured  for  the  af- 
fection the  name  of  Morbus  coeruleus  or  Cyanosis, — palpita- 
tion and  dyspnoea,  and  even  fits  of  insensibility,  on  attempt- 
ing such  exertions  as  hurry  the  movement  of  the  blood, — 
coldness,  or  at  least  very  easy  chilling  of  the  surface, — and 
generally  imperfect  nutrition,'  at  least  as  to  the  breadth  or 
thickness  of  the  bones,  muscles,  &:c.  Death  sometimes  occurs 
suddenly,  in  fits  of  syncope  or  of  convulsion  ;  and  the  pre- 
disposition to  various  other  diseases,  as  may  be  judged  from 
what  has  been  repeatedly  stated,  is  so  great,  and  the  strength 
of  vascular  action  so  much  impaired,  that  such  persons  hard- 
ly ever  attain  middle  life. 

.It  is  remarkable,  that  in  such  cases,  when  the  solids  of 
the  body  have  never  felt  the  agency  of  perfect  arterial  blood, 
they  can  perform  their  functions,  and  the  sensations  and 
powers  of  the  mind  are  entire,  at  a  time  when,  judging  from 
the  colour  of  the  surface  of  the  body,  we  may  presume  that 
the  blood  is  as  impure  as  in  the  last  stage  of  those  diseases 
which  are  fatal  by  aspliyxia. 

*  See  Hope  on  Diseases  of  the  Heart,  p.  46.5. 
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II.  The  most  striking  example  of  a  disease  clearly  refer- 
able to  a  morbid  state  of  the  blood,  is  the  Scorbutus  or 
Sea-scurvy,  where,  in  consequence  of  the  long-continued  use 
of  salted  animal  food,  the  blood  becomes  px-eternuturally 
fluid,  ecchymoses,  or  purple  or  livid  spots  (petechiaj  and  vi- 
bices),  form  on  the  surface  of  the  body,  undergo  the  same 
changes  of  colour  as  effused  blood  there,  and  often  pass  into 
ulceration ;  the  gums  become  swelled  and  spongy^,  haemor- 
rhages often  take  place  from  them,  and  occasionally  from 
other  parts ;  great  debility  and  emaciation  ensue,  and,  in 
particular,  such  activity  of  absorption,  that  ulcers  recently 
healed  generally  break  out,  and  even  the  callus  uniting 
broken  extremities  of  bones  has,  in  some  instances,  disap- 
peared ;  these  symptoms  either  go  on  to  death  by  inanition, 
or  else  they  combine  themselves  with,  and  greatly  augment 
the  danger  of,  any  otlier  disease  that  may  be  contracted  at 
the  time;  but  they  all  speedily  disappear  when  fresh  vege- 
tables are  taken,  and  have  been  thought  to  yield  particu- 
larly to  the  use  of  the  vegetable  acids. 

It  is  important  to  observe  here,  that,  while  the  main 
cause  of  these  symptoms  is  certainly  the  use  of  salted  pro- 
visions (which  is  much  more  effectual  in  producing  them 
than  the  use  of  merely  innutritions  articles  of  diet),  all  ob- 
servers agree  that  other  causes,  which  cannot  alter  the  in- 
gesta,  nor  exert  any  other  but  a  vital  agency  on  the  compo- 
sition of  the  blood,  particularly  Cold,  and  Mental  depression 
or  inactivity,  contribute  powerfully  to  the  production  of 
the  disease. 

It  is  also  important  to  observe,  that,  in  this  case,  where 
the  composition  of  the  blood  is  undoubtedly  in  fault,  as  well 
as  in  others  already  considered,  where  morbid  alterations  of 
the  blood  are  only  presumed  to  exist,  although  the  cause  is 
general  to  the  whole  body,  great  part  of  the  symptoms 
(haemorrhages  or  ecchymoses  and  ulcerations),  are  strictly 
heal,  and  take  place  particularly  in  the  skin  and  in  the 
mucous  membranes. 

III.  Precisely  similar  symptoms  are  seen,  in  a  few  cases, 
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at  all  periods  of  life,  in  persons  who  have  not  lived  on 
salted  food,  sometimes  in  persons  previously  quite  healthy, 
often  repeatedly  recurring  in  the  same  individuals,  and 
from  causes  altogether  unknown.  To  these  cases,  the 
names  of  Haemorrhoea  Petechialis,  and  of  Purpura  Haemor- 
rhagica  have  been  given,  of  which  the  first  expresses  best 
what  is  known  of  the  disease ;  for  the  tendency  to  effusion 
of  blood  is  by  no  means  confined  to  the  skin  or  subcuta- 
neous cellular  membrane,  but  has  been  observed  to  take 
place,  sometimes  so  suddenly  and  copiously  as  to  be  fatal, 
in  various  internal  parts ;  on  mucous  membranes,  on  se- 
rous membranes,  even  within  the  pei'icardium,  and  in  the 
brain. 

Such  cases  of  sudden  and  copious  haemorrhage  are  some- 
times attended  with  febrile  symptoms ;  and  in  many  cases 
of  this  disease,  it  is  certain  that  symptoms  of  internal  in- 
flammation have  accompanied  the  appearance  of  petechiae, 
and  that  the  remedies  for  inflammation  have  been  evidently 
beneficial.  But  the  reason  probably  is,  that  many  of  the 
cases  of  purpura  are  in  fact  complications  of  different  inflam- 
matory diseases  with  the  peculiar  state  of  the  blood,  which 
leads  to  these  symptoms;  and  which  may  perhaps  have 
existed  previously,  and  not  shewn  itself  until  inflammation 
and  febrile  action  were  excited ;  in  like  manner  as  petechiae 
shew  themselves  occasionally  even  in  the  early  stages  of 
contagious  fever  and  of  smallpox;  but  generally  in  consti- 
tutions previously  weakly,  and  in  which  the  blood  may  be 
supposed  to  have  previously  undergone  a  certain  degree  at 
least  of  morbid  change.  In  many  cases  of  this  disease, 
blood  taken  from  the  arm  has  appeared  preternaturally 
fluid ;  but  it  must  be  observed,  that  in  some,  at  least  of  the 
more  complex  cases,  the  blood  has  coagulated  firmly,  and 
shewn  the  huffy  coat,  within  a  very  short  time  after  some 
of  these  passive  haemorrhages  have  taken  place. 

IV.  Another  case  of  disease,  which  may  be  confidently 
ascribed  to  a  morbid  state  of  the  blood,  is  the  disease  of  the 
extremities,  characterized  by  spasms  of  the  limbs,  and  by 
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inflammation  going  on  rapidly  to  gangrene,  and  that  of  the 
kind  called  Dry  Gangrene,  (in  which  the  fluids  appear  to  be 
somehow  diverted  from  the  diseased  parts),  which  has  been 
frequently  observed  to  be  endemic  in  certjiin  districts;  and 
has  been  ascertained,  by  many  observations,  and  by  experi- 
ments on  animals,  to  be  the  eff"ect  of  the  use  of  rye,  infest- 
ed with  the  parasitical  plant  called  Ergot.  That  the  blood 
must  be  much  altered  in  this  disease  is  suflBciently  obvious; 
but  the  particular  character  of  the  alteration  effected  has 
not  been  ascertained. 

It  is  highly  probable  that  the  blood  must  undergo  some 
change  in  various  other  cases,  where  local  diseases  are  gi'a- 
dually  excited  by  ingesta  taken  for  a  long  time  together; 
such  as  the  emaciation  and  tremors  produced  in  some  per- 
sons by  mercury;  and  especially  the  Colica  Pictonum,  i.  e. 
obstinate  constipation,  with  frequent  vomiting  and  severe 
pain  of  abdomen,  ultimately  often  attended  with  wasting^ 
and  palsy  of  various  voluntary  muscles, — which  is  produced 
in  many  persons  by  lead,  habitually  introduced  in  small 
quantities  for  a  long  time,  in  whatever  way,  into  the  sys- 
tem. The  inquiries  of  Andral  have  established  the  fact, 
that  no  change  of  texture  in  the  stom;ich  or  bowels  neces- 
sarily or  even  frejquently  attends  this  disease;  but  the  nu- 
trition of  the  muscles  in  the  paralytic  cases,  is  both  much 
diminished  and  changed  by  the  action  of  the  lead.  Still, 
however,  it  may  be  doubted  whether  the  lead  affects  the 
sensations  and  functions  of  one  part,  and  the  nutrition  of 
another,  by  first  changing  the  blood,  or  Avhether  it  is  mere- 
ly carried  by  the  blood  to  these  different  organs,  and  there 
acts  on  them,  after  a  time,  as  a  poison. 

As  the  chemical  department  of  Physiology  and  Pathology 
advances,  and  especially  as  the  laws  peculiar  to  Vital  Affi- 
nities are  developed,  we  may  hope  that  important  discove- 
ries will  be  made  in  regard  to  the  essential  nature  of  the 
changes  that  take  ])lace  in  the  living  body,  in  the  diseases 
which  have  been  mentioned  in  this  chapter. 
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OF  DISEASED  STATES  OF  THE  NERVOUS  SYSTEM. 

The  share  which  the  Nervous  System  appears  to  have  in 
producing  or  altering  disease  in  other  parts  of  the  living 
body,  has  been  repeatedly  under  consideration.  We  are 
here  to  treat  of  the  pathology  of  those  cases  only,  in  which 
the  functions  of  Sensation,  Thought,  and  Voluntary  Mo- 
tion are  themselves  altered  or  perverted. 

Of  these  cases,  the  greater  number,  and  in  a  practical 
view  the  most  important,  have  likewise  been  already  con- 
sidered ;  viz.  those  cases,  in  which  the  affection  of  the  Ner- 
vous System,  although  often  an  obvious,  or  even  the  most  im- 
portant part  of  the  symptoms,  is  manifestly  consequent  on 
other  changes,  by  which  the  diseased  state  is  more  essen- 
tially characterized.    We  have  stated  in  what  manner  the 
functions  of  the  Nervous  System  are  frequently  affected  by 
mechanical  injury,  by  heat,  cold,  electricity,  &c.  by  poisons, 
and  by  the  influence  of  imperfectly  arterialized  blood  in 
asphyxia;  again,  how  they  are  often  altered,  either  by  sud- 
den diminution,  or  sudden  increase  of  the  flow  of  blood 
to  the  brain ;  by  haemorrhagic  effusion  there ;  by  inflam- 
mation and  its  consequences;  by  the  different  forms  of 
idiopathic  and  eruptive  fevers,  and  by  the  kind  of  in- 
flammatory action  which  frequently  accompanies  these ; 
how  they  are  affected  sympathetically,  in  cases  of  disorder- 
ed secretions,  especially  of  the  primas  vise ;  and  more  uni- 
formly in  cases  of  suppression  of  excretions,  especially  of 
that  at  the  kidneys  ;  and  how  they  are  variously  altered  in 
cases  of  organic  disease  affecting  the  brain  itself,  or  its  en- 
velopes, or  by  serous  effusion  within  the  cranium.  And 
we  have  found  that  in  all  these  cases  the  affection  of  the 
Nervous  System  may  proceed  to  absolute  Coma,  and  to 
death  from  that  cause. 
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Now,  there  are  cases,  some  of  them  frequent  and  import- 
ant, in  which  changes  in  the  functions  of  Sense,  Thouglit, 
and  Voluntary  Motion, — similar  to  those  which  have  been 
enumerated  as  proceeding  from  these  different  causes, — take 
place  independently  of  the  application  of  any  of  these; 
or  where  these  have  been  applied  in  a  degree  so  very  much 
less  than  that  which  is  often  unattended  with  any  such  ef- 
fect, that  the  action  of  some  additional  cause  is  clearly  ma- 
nifested.  These  necessarily  imply  corresponding  changes  in 
the  Nervous  System,  which  is  the  physical  agent  concerned 
in  all  these  functions ;  but  as  all  changes,  healthy  and  mor- 
bid, which  take  place  in  the  nervous  matter,  corresponding 
to  .mental  acts,  are  known  to  us  only  by  their  effects,  it  is 
impossible  for  us  to  do  more,  in  regard  to  the  morbid 
changes  thus  originaling  in  the  Nervous  System,  than  state 
the  symptoms  by  which  they  are  made  known,  the  circum- 
stances in  which  they  are  observed,  and  the  effects  which 
result  from  them. 

Two  general  observations,  however,  may  be  premised  on 
these  strictly  nervous  affections,  and  their  connexion  with 
the  state  of  the  vascular  system.    1.  That  as  the  healthy 
action  of  any  part  of  the  Nervous  System,  when  sti-ongly 
excited,  appears  to  be  attended  with  some  increase  in  the 
flow  of  blood  to  that  part,  and  as  the  total  inactivity 
of  any  part  usually  leads  to  a  diminished  supply  and 
consequent  wasting, — so  it  is  reasonable  to  suppose,  that 
a  morbid  increasa  of  the  activity  of  the  changes  in  any 
portion  of  nervous  matter,  although  not  originating  in, 
may  readily  become  attended  by,  an  increased  determina- 
tion of  blood  thither ;  and  although  we  cannot  affirm  that 
this  is  a  general  law,  yet  many  facts  in  the  history  of  dis- 
eases indicate  that  it  is  a  frequent  and  important  occur- 
rence.   2.  That  the  state  of  the  Nervous  System  most  fa- 
vourable to  the  original  excitement  of  such  nervous  dis- 
orders, is  generally  that  which  attends  great  weakness,  and 
in  which  both  the  fulness  of  the  vessels,  and  the  strength 
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of  vascular  action,  must  be  supposed  to  be  below  the  aver- 
age *. 

1.  We  have  various  instances  of  Sensations  undergoing 
much  change,  both  in  kind  and  intensity,  for  which  we  can 
assign  no  reason,  either  in  the  application  of  any  known 
external  agent  to  the  Nervous  System,  or  in  any  altered 
action  of  the  vascular  system.  There  are  cases,  not  only  of 
original  defect  of  sensibility  in  the  eye  or  eai",  general  or 
partial,  i.  e.  either  congenital  amaurosis  or  deafness,  or  in- 
sensibility to  certain  colours  or  sounds,  without  any  unna- 
tural appearance  either  in  the  exterior  parts,  or  in  the 
nerves  of  these  organs ;  but  there  are  cases  likewise  of  such 
affections  coming  on  in  the  progress  of  life,  without  ap- 
parent cause,  without  benefit  from  remedies  applied,  either 
to  the  state  of  the  circulation  in  the  head,  or  to  the  condi- 
tion of  any  part  by  which  the  organs  of  sense  may  be 
thought  to  be  sympathetically  affected,  and  without  change 
of  structure  of  the  parts,  or  with  such  change  only  as  may 
be  regarded  as  the  eflFect,  not  the  cause  of  their  disease. 

The  An£Esthesia  or  loss  of  common  sensation  in  more  or 
less  of  the  surface  of  the  body,  although  often  manifestly 
the  result  of  injury  of  some  part  of  the  Nervous  System, 
and  coexisting  with  other  symptoms  of  palsy,  occurs  in 
some  instances  without  such  accompaniments,  and  when 
no  cause  whatever  appears  for  it  on  dissection.  Much  more 
frequently  we  meet  with  cases  of  pain,  referred  distinctly 
to  individual  parts  of  the  body,  often  very  intense  and  very 
lasting,  which  the  whole  history  of  the  cases  shews  to  be 
strictly  nervous  ;  i.  e.  to  be  an  alteration  of  the  function  of 

•  "  Lorsqu'  un  individu  a  perdu  dans  un  court  espace  du  temps  une 
tres  grande  quantite  du  sang ;  lorsque  convalescent  d'une  maladie  longue, 
il  a  ete  pendant  tres  long-temps  prive  de  toute  espece  de  nourriture ;  lors- 
qu' a  la  suite  d'  une  inflammation  aigue  il  reste  en  proie  d  une  phlegmasie 
chronique,  lorsqu'  en  un  mot,  il  a  beaucoup  perdu  sans  reparer,  U  arrive 
souvent  que  I'impressionnabilite  des  centres  nerveux  devient  d'  autant 
plus  grande  que  la  quantite  du  sang  diminue,  et  que  le  systeme  muscu- 
laire  s'aiiaiblit.  Dans  cet  ^tat,  I'hyperemie  la  plus  legerement  douloureuse 
peut  determiner  dans  le  systeme  nerveux  les  desordres  functionnels  les  plus 
graves." — Andrai.,  Precis,  &c.  t.  i.  p.  18. 
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the  nerves  of  the  part,  for  which  no  adequate  cause  exists, 
either  in  any  diseased  structure,  or  in  any  diseased  action 
of  vessels. 

Such  pains  have  the  general  name  of  Neuralgia,  and  the 
following  appear  the  most  important  facts  regarding  them. 

1.  They  occur  (chiefly  in  adults,  and  in  persons  whose 
health  is  otherwise  disordered)  in  all  parts  of  the  body,  but 
most  frequently  in  the  head  and  abdomen.  Many  head- 
aches, and  especially  those  which  affect  one  side  of  the  head, 
and  recur  at  pretty  regular  intervals,  and  have  the  name 
of  Hemicrania,  are  of  this  description ;  so  also  is  the  severe 
pain  of  face  termed  Tic  Douloureux.  Some  cases  of 
Angina  Pectoris  appear  from  their  history  to  have  no 
more  permanent  origin.  Many  cases  of  Gastrodynia,  and  of 
pains,  even  fixed  and  violent,  referred  to  different  parts 
either  of  the  abdomen  or  sides,  or  to  the  situation  of  the 
uterus  and  back,  appear  to  be  of  this  description  ;  and  some 
cases  of  severe  pain  of  the  hip-joint,  of  the  feet,  or  other 
parts  of  the  lower  limbs,  are  more  correctly  referred  to  this 
head  than  to  Rheumatism. 

2.  They  have  been  stated  to  follow  evidently  the  course 
of  certain  nerves ;  but  this  is  neither  uniform,  nor  charac- 
teristic, as  distinguishing  them  from  other  diseases  of  nerves 
themselves.  But  they  are  chiefly  characterized  by  the  sud- 
denness of  their  attack  (which  is  repeated  often  at  pretty 
regular  intervals),  and  frequently  of  their  abatement  also; 
by  the  total  absence  of  heat,  and  swelling,  and  often  of  ten- 
derness when  they  are  external,  and  of  febrile  symptoms 
when  they  are  internal,  even  although  their  intensity  be 
extreme ;  by  frequently  appearing  to  be  determined  by  sud- 
den changes  of  weather  ;  by  occurring  chiefly  in  persons  of 
nervous  temperament,  and  in  connexion  frequently  with 
other  nervous  affections  ;  and  by  abating  frequently  under 
the  use  of  remedies  called  Tonic  (perhaps  more  properly 
specifics),  rather  than  under  antiphlogistic  treatment. 

3.  These  pains,  although  hardly  ever  observed  during 
violent  inflammatory  diseases,  are  by  no  means  incompa- 
tible, but  on  the  contrary  frequently  combined,  with  such 
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inflammation  as  is  subacute,  or  tends  but  little  to  disorga- 
nization, in  the  parts  where  they  occur.  Even  in  that 
case,  however,  they  retain  their  character  in  some  ,  degree, 
and  are  benefited  only  partially  by  the  antiphlogistic,  and 
often  chiefly  by  the  more  specific  remedies  subsequently  used. 

Besides  the  nervous  pains,  there  are  certain  cases  of  other 
uneasy  sensations,  such  as  Vertigo,  or  morbid  sensations 
of  Heat,  or  of  Cold,  the  pathology  of  which  appears  to 
be  the  same.  And  the  rare  and  singular  cases  of  that 
modification  of  morbid  sensation  formerly  mentioned,  as 
spectral  appearances  *,  are  equally  unconnected,  either 
with  inflammation,  or  even  decided  congestion  of  blood,  or 
organic  disease. 

II.  There  is  a  large  class  of  Spasmodic  Affections,  which 
would  appear  to  originate  in  morbid  action  of  the  motor 
nerves,  and  of  the  parts  within  the  spinal  canal  and  cra- 
nium immediately  connected  with  them;  certainly  without 
either  inflammation  or  oi-ganic  lesion  of  these  parts,  and 
without  distinct  evidence  even  of  vascular  congestion  there, 
as  an  essential  condition,  although  it  may  often  be  an  ag- 
gi'avation,  of  their  existence.  These  spasmodic  diseases 
may  in  general  be  distinguished  from  those  which  depend 
either  on  the  eff'ects  of  inflammation,  or  on  organic  disease, 
by  their  being  unattended  with  insensibility ;  and  indeed, 
in  several  of  these,  the  spasms  may  be  said  to  denote  ra- 
ther a  perversion  of  Voluntai'y  Motion  than  strictly  Invo- 
luntary Motion. 

Although  there  are  many  cases  of  Epilepsy  {L  e.  of  ha- 
bitually recurring  fits  of  convulsion  with  insensibility)  in 
which  no  organic  lesion  is  perceptible  on  dissection,  yet  the 
frequency  of  organic  disease,  in  cases  of  epilepsy,  the  sin- 
gular obstinacy  of  the  disease,  its  manifest  aggravation  by 
such  causes  as  forcibly  impel  the  blood  towards  the  head, 
and  its  gradual  injurious  efi'ect  on  the  mental  powei's,  render 
it  highly  probable  that  in  every  case  of  that  kind  some  orga- 


"  See  Physiology,  p.  209. 
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nic  alteration  exists,  altliough  it  may  be  confined  to  struc- 
ture too  minute  to  be  detected. 

Of  the  other  Spasmodic  Diseases  there  are  three  divisions, 
obviously  distinguished  from  one  another,  in  one  of  which 
the  affection  of  the  voluntary  muscles  is  general  and  ir- 
regular, and  seldom  dangei-ous  ;  in  the  second  it  is  equally 
general,  but  much  more  uniform  and  violent,  and  attended 
with  very  great  danger;  in  the  last  it  is  confined  to  cer- 
tain of  the  muscles  concerned  in  respiration,  and  is  uni- 
form in  its  character,  and  always  attended  with  inflam- 
mation, of  greater  or  less  violence,  in  the  mucous  mem- 
brane of  the  air-passages. 

The  first  of  these  divisions  comprises  a  number  of  cases, 
in  which  the  spasms  vary  so  much,  that  it  is  impossible  to 
rank  them  together  under  one  general  description ;  but  the 
most  definite  cases  of  the  kind  are  the  following. 

a.  The  involuntary  motions  of  one  side  of  the  body,  in- 
creased by  attempting  any  definite  movement,  and  attended 
by  much  weakness  of  the  lower  extremity  of  that  side, 
which  are  known  by  the  name  of  Chorea,  which  occur  chief- 
ly between  the  ages  of  ten  and  fourteen,  and  often  abate 
entirely,  under  various  treatment,  within  a  few  months ; 
in  some  instances,  however,  going  on,  either  to  permanent 
amentia,  or  to  fatal  hydrocephalus. 

b.  The  fits  of  Convulsion,  affecting  many  parts  of  the 
body,  but  commencing  generally  with  uneasy  feelings  in 
the  abdomen,  .md  with  the  sensation  called  Globus  ascending 
thence  to  the  throat,  and  exciting  a  spasm  of  the  glottis, — 
called  Hysteria,  differing  from  epilepsy  in  being  unattended 
with  insensibility ;  in  the  paroxysms  being  more  generally 
excited  by  some  evident  cause,  and  recurring  often  more 
frequently  within  a  short  time,  but  much  less  pertina- 
ciously throughout  the  life  of  the  patient : — a  disease  hard- 
ly ever  seen  in  the  male  sex,  and  admitting  of  very  great 
variety  as  to  the  nature  of  the  spasms,  the  frequency  of 
their  recurrence^  the  other  affections  of  the  nervous  system, 
and  of  the  secretions  of  the  body  attending  it,  and  also  as 
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to  concomitant  affections  of  the  vascular  system,  the  pulse 
being  full  and  firm,  and  evacuations  of  blood  useful  in  some 
cases,  while  in  others  there  is  great  weakness  and  advan  - 
tage  from  stimulants. 

The  variety  as  to  the  symptoms  and  history  of  the  dis- 
ease is  in  fact  such,  that  there  is  hardly  any  other  disease, 
the  symptoms  of  which  may  not  be  imitated,  more  or  less 
exactly,  in  persons  liable  to  hysteria,  by  affections  which 
are  simply  nervous,  and  which  are  evidently  akin  to  hyste- 
ria, and  are  generally  designated  by  that  name.  Thus  vio- 
lent fits  of  coughing,  or  of  vomiting,  dependent  on  peculiar 
sensations,  which  seem  to  reside  in  the  nervous  system  only, 
without  any  indication  of  disease  of  the  bronchise,  lungs  or 
stomach,  are  not  uncommon  in  persons  liable  to  hysteria. 
Fits  of  convulsion  in  children,  without  insensibility,  as  from 
teething,  or  from  worms,  or  disordered  bowels,  are  often 
more  analogous  to  hysteria  than  to  epilepsy,  particularly  as 
to  their  ultimate  results. 

c.  The  rare,  but  well  marked,  and  easily  distinguished, 
state  of  the  voluntary  muscles  called  Catalepsy,  in  which 
the  limbs  retain  any  position  in  which  they  are  placed ;  a 
state  never  of  long  continuance,  often  combined  with  hys- 
teria, but  which,  as  it  evidently  implies  a  perversion  of  the 
mental  act  of  volition,  is  generally  excited  by  mental  causes, 
and  attended  with  more  or  less  aberration  of  intellect. 

Some  general  observations,  of  practical  importance,  may 
be  made  on  the  whole  of  the  cases  of  disorder  of  the  func- 
tions of  the  organs  of  sense  and  voluntary  motion  hither- 
to noticed,  and  which  are  often  the  source  of  great  uneasi- 
ness, but  unless  they  become  complicated  with  others, 
seldom  dangerous. 

1.  They  are  in  many  instances  almost  precisely  similar 
to  the  alterations  of  these  functions  which  may  result,  either 
from  chronic  inflammation  and  its  effects,  or  from  organic 
disease  affecting  the  portions  of  the  nervous  system  concern- 
ed in  them.  For  example,  the  amaurosis,  for  which  no 
cause  may  appear  on  dissection,  is  often  not  to  be  distin- 
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guisliPid  from  tliat  which  may  turn  out  to  have  been  con- 
nected witli  tlie  growth  of  serous  cysts,  or  hydatids  in  the 
choroid  plexus,  or  chronic  sof'teniug  of  the  optic  nerves,  or 
adjoining  portions  of  brain,  or  effusions  of  serum  into  the 
ventricles.  And  a  simple  neuralgia  is  often  not  to  be  dis- 
tinguished (except  perhaps  by  its  more  frequently  changing 
its  seat)  from  those  pains  which  may  result,  either  from 
chronic  softening  at  the  base  of  the  brain,  or  in  a  portion 
of  the  spinal  cord,  or  from  pressure,  in  one  way  or  other 
applied  to  the  affected  nerves  in  their,  course. 

2.  This  analogy  gives  us  reason  to  suspect,  that  even 
when  no  organic  lesion  appears  on  dissection,  such  disor- 
ders may  often  proceed  from  imperceptible  changes  in  the 
organization  of  the  portions  of  nervous  matter  concerned. 
And  accordingly  we  find,  that  these  simply  nervous  disor- 
ders are  most  common  in  the  same  description  of  persons, 
and  under  the  same  external  circumstances,  as  organic  dis- 
eases * ;  they  are  more  common  in  the  inhabitants  of  towns 
than  of  the  country,  more  common  in  those  whose  lives  are 
sedentary  than  in  those  who  have  much  habitual  exercise 
in  the  open  air ;  several  of  them  are  more  common  in  scro- 
fulous than  in  sound  constitutions,  and  probably  all  in  the 
children  of  sickly  than  of  healthy,  and  robust  parents. 

3.  When  we  have  reason  to  think,  particularly  from  the 
ultimate  result  of  the  cases,  that  these  disorders  have  real- 
ly no  permanent  cause  in  the  structure  of  any  part  of  the 
nervous  system,  we  may  observe  that  they  occur  only  in 
certain  individuals,  and  that  in  them  there  is  a  certain  pe- 
culiarity of  the  actions  of  the  nervous  system,  for  which 
we  have  no  more  precise  or  definite  expression  than  Ner- 
vous Irritability,  or  Mobility  ; — a  state  which  is  more  com- 
mon in  women  and  children  than  in  men,  and  in  all  persons 
when  in  a  state  of  weakness,  than  when  in  the  full  enjoy- 
ment of  muscular  strength ;  in  women,  particularly,  more 
common  about  the  menstrual  periods,  and  immediately  after 
delivery,  than  at  other  times ;  more  common  likewise  in 
those  in  whom  the  menstrual  flux  is  habitually  excessive, 

•  See  p.  071. 
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or  altered  as  in  Leucorrhoea,  or  suddenly  suppressed,  or 
more  gradually  obstructed  in  the  different  forms  of  Amenor- 
rlioea,  than  in  others ; — in  which  both  sensations  and  emo- 
tions are  intensely  felt,  and  their  agency  on  the  body  is 
stronger  and  more  lasting  than  usual ;  and  in  which  con- 
tinued voluntary  efforts  of  mind,  and  steady  or  sustained 
exertions  of  the  voluntarymuscles  are  difficult  or  impossible, 
the  muscular  motions  usually  rapid  and  irregular,  and  the 
"  animus,  nec  sponte,  varius  et  mutabilis."  When  such  a 
general  condition  of  the  functions  of  the  nervous  system 
exists,  any  portion  of  it,  on  which  a  special  cause  may  act, 
is  apt  to  fall  into  a  diseased  mode  of  action  more  or  less  re- 
sembling that  which  inflammation  or  organic  disease  may 
excite  in  it.  And  it  is  farther  of  great  importance  to  ob- 
serve, that  this  tendency  is  greatly  increased  by  each  repe- 
tition of  diseased  action  of  this  kind  ;  or  even  by  any  im- 
pression made  by  sensations  or  emotions  on  the  bodily  or- 
gans, so  strong  as  to  indicate  the  existence  of  tliis  mobility 
of  the  nervous  system ;  and  therefore,  that  avoiding  all  oc- 
casions of  exciting  violent  sensations  or  emotions,  is  of  es- 
sential use  in  correcting  the  tendency  to  such  diseases. 
One  modification  of  this  nervous  temperament,  A'ery  fre- 
quently connected  with  its  other  marks,  is  the  disposition 
of  the  mind  to  dwell  upon  all  uneasy  sensations,  and  antici- 
pate danger  from  them,  which  so  frequently  attends  all  dis- 
eases of  which  permanent  uneasy  sensations  are  an  essen- 
tial constituent,  and  especially  disorders  of  the  stomach  and 
bowels,  and  to  which  we  give  the  name  of  Hypochondriasis ; 
— which  is  chiefly  observed  in  persons  of  the  melancholic 
temperament,  but  not  confined  to  them,  and  is  more  pro- 
perly described  as  a  condition  of  certain  functions  of  the 
nervous  system  which  accompanies  and  aggravates  many 
chronic  diseases,  than  as  a  disease  sui generis. 

4.  The  nervous  disorders  in  question,  are  easily  excited 
sympathetimlly  by  diseases  of  other  parts  of  the  system ; — 
not  so  much,  however,  by  violent  febrile  or  inflammatory 
diseases,  in  which  the  circulation  of  the  blood  is  much  ex- 
cited, as  by  those  in  which  the  secretions  are  much  derang- 
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ed,  and  many  uneasy  sensations  produced,  without  excite- 
ment of  the  circulation.  Hence  the  symptoms  of  these  dis- 
oi-ders  are  very  frequently  combined  with  Dyspepsia  in  all 
its  forms,  with  Constipation,  Diarrlicea,  and  derangements 
of  the  Menstrual  flux. 

5.  These  nervous  pains,  or  other  uneasy  feelings,  and 
slighter  spasms,  are  the  description  of  diseases  most  easily 
excited  by  mental  emotion,  especially  in  constitutions  of 
the  peculiar  nervous  irritability  already  described.  Such 
affections,  accordingly,  in  varied  and  sometimes  in  un- 
usual forms,  have  very  often  been  excited  by  intense  re- 
ligious enthusiasm,  and  often  by  the  emotions  excited 
by  such  applications  as  the  metallic  tractors  (real  or  fic- 
titious), or  the  manipulations  of  those  who  profess  ani- 
mal magnetism.  In  all  such  cases,  agreeably  to  what 
was  formerly  stated  *,  the  emotions  that  may  be  excited 
are  much  heightened  by  the  presence  and  participation  of 
numbers ;  and  these  are  the  diseases  which  have  been  par- 
ticulai'ly  observed  to  spread  by  Imitation,  nearly  after  the 
manner  of  epidemics. 

The  second  order  of  Spasmodic  Affections,  which  seem 
to  originate  in  morbid  action  of  the  nervous  system  itself, 
comprises  the  very  dangerous  disease  called  Tetanus,  and 
the  almost  inevitably  fatal  one  called  Hydrophobia.  The 
first,  in  a  few  cases,  originates  idiopathically  from  cold, 
but  is  much  more  generally  excited  by  injuries,  in  which  a 
portion  of  nerve  has  no  doubt  peculiai-ly  suffered,  although 
its  injury  is  often  imperceptible  on  examination.  The  dis- 
ease does  not  cotnmence,  however,  till  some  days  after  the 
cause  has  been  applied ;  and  of  the  nature  of  the  changes 
taking  place  in  the  interval  we  have  no  information  what- 
ever. It  is  characterized  by  violent  painful  tonic  spasms, 
with  frequent  aggravations,  but  no  absolute  relaxation, 
beginning  in  the  muscles  of  the  hind  neck  and  lower  jaw, 
and  extending  over  the  whole  muscles  of  the  body ;  it  is 
unattended  with  any  affection  of  the  functions  of  the  brain 

•  See  Physiology,  p.  273. 
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proper;  and  is  fatal,  not  by  coma,  but  merely  by  reason  of 
the  gradual  failure  of  the  strength  of  the  circulation,  which 
accompanies  the  repeated  paroxysms  of  spasm,  nearly  as  it 
accompanies  violent  spasms  of  the  same  description  when 
produced  in  animals  by  the  action  of  poisons,  or  by  exten- 
sive injury  of  the  spinal  cord. 

Hydrophobia  is  likewise  produced  by  the  action  of  the 
specific  cause,  and  an  interval,  varying  from  a  few  days  to 
several  months,  likewise  elapses  between  the  time  of  its 
application  and  the  commencement  of  the  disease;  but  in 
this  case  the  cause  is  a  peculiar  animal  poison,  the  condi- 
tions necessary  to  the  generation  of  which  are  not  yet 
ascertained,  communicated  only  by  inoculation,  and  which 
seems,  like  the  poisons  exciting  the  contagious  exanthe- 
mata, to  multiply  itself  in  the  blood  during  the  latent  pe- 
riod. The  spasms  are  here  first  and  chiefly  in  the  muscles 
of  the  fauces,  and  are  repeatedly  excited  or  aggravated  by 
external  causes,  by  the  contact  of  any  fluid  with  the  fauces, 
or  even  of  cold  air  with  the  face ;  but  they  generally  extend 
over  the  body  as  the  disease  advances,  and  death  takes 
place,  as  in  Tetanus,  not  in  the  way  of  coma,  but  rather 
by  syncope;  in  consequence  of  the  gradual  depression  of  the 
heart's  action  that  attends  the  violent  spasms,  perhaps  in 
consequence  partly  of  a  sedative  action  of  the  contagious 
poison  on  the  heart  itself. 

Although  a  congestion  of  blood  on  the  surface  of  the 
spinal  cord  has  been  described  by  some  in  cases  of  Te- 
tanus, and  although  an  unusual  vascularity  in  the  mucous 
membrane  of  the  pharynx  and  oesophagus  is  common  after 
Hydrophobia,  yet  these  appearances  are  certainly  to  no 
great  extent;  it  is  probable  that  they  may  be  rather  effects 
than  causes  of  the  morbid  actions ;  and  at  all  events,  they 
do  not  aff^ord,  by  comparison  with  other  cases  of  inflamma- 
tion of  these  parts,  any  explanation  of  the  peculiar  pheno- 
mena of  these  diseases,  nor  invalidate  the  conclusion,  that 
they  are  both  to  be  regarded  as  strictly  diseases  of  the  ner- 
vous system. 
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The  third  lieacl  of  Spasmodic  AflFections  of  this  class  con- 
sists of  the  two  well  known  spasmodic  diseases  of  the  re- 
spiratory organs,  Hooping  Congli  and  Astluna. 

The  first  of  these  unites  the  singular  properties  of  being 
the  effect  of  a  specific  contagion,  and  equally  incapable  of 
alteration,  as  to  its  duration  or  essential  symptoms,  by  reme- 
dies, as  the  contagious  exanthemata  themselves, — of  being 
unattended  with  any  typhoid  tendency, — and  of  being  cha- 
racterized by  a  combination  of  the  symptoms  of  bronchitis 
with  a  peculiar  spasm,  chiefly  of  the  muscles  of  the  glottis, 
which  takes  place  only  during  the  fits  of  coughing,  and 
narrows  the  opening  there,  so  as  to  cause  the  peculiar 
crowing  sound  in  inspiration  ;  and  which  continues  long 
after  the  febrile  symptoms  of  the  first  stage  of  the  disease 
have  subsided,  and  the  bronchitis  assumed  the  chronic 
form. 

The  danger  in  this  disease  is  partly  from  the  extension 
of  the  bronchitis  to  all  parts  of  the  lungs  (when  it  always 
becomes  dangerous),  and  from  its  consequences  in  the 
lungs;  viz.  emphysema  in  most  severe  cases, — peripneumony 
in  a  few, — and  phthisis  in  many ;  and  partly  from  the  effect 
of  the  congestion  of  blood  in  the  brain  during  the  long  con- 
tinued fits  of  coughing,  in  exciting  fits  of  convulsion  with 
insensibility,  and  sometimes  hydrocephalus. 

In  regard  to  Asthma  {i.  e.  Dyspnoea  occurring  in  parox- 
ysms, with  a  wheezing  sound  of  respiration,  and  going  off, 
after  some  hours,  with  mucous  expectoration,  believed  to 
depend  on  spasmodic  constriction  of  the  bronchial  tubes), 
the  following  facts  seem  most  worthy  of  attention. 

1.  Its  attacks  commence  very  generally,  like  epilepsy 
and  gout,  after  the  first  sleep,  i.  e.  at  the  time  when  the 
blood  is  perhaps  in  fullest  quantity,  its  movement  slow,  and 
its  congestion  in  internal  parts  easiest,  because  it  is  least  so- 
licited to  the  surface  of  the  body,  or  to  the  organs  of  sense 
or  locomotion. 

2.  It  seems  to  be  always  attended  with  more  or  less  of 
bronchitis,  but  this  exceedingly  various  m  degree,  and  also 
in  kind;  being  slight  in  the  cases  that  are  most  purely  spas- 
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modic  (or  dry  asthma)  ;  acute,  and  demanding  early  and  ac- 
tive remedies  in  some  cases  tliat  are  attended  with  fever, 
and  where  there  is  but  little  remission  of  the  dyspnoea  ;  and 
again  quite  chronic  in  other  cases,  chiefly  of  older  standing, 
where  there  is  much  abatement  without  disappearance  of 
the  cough  and  dyspnoea,  copious  expectoration,  and  little  or 
no  fever,  and  little  variation  of  the  symptoms  for  weeks  or 
months,  (humid  asthma). 

3.  The  spasmodic  nature  of  the  disease  appears  to  be  in- 
dicated by  its  distinctly  hereditary  character,  by  the  exciting 
causes  of  many  of  the  paroxysms,  by  the  evident  constriction 
of  the  bronchise  during  the  paroxysm,  and  the  frequently 
complete  and  rapid  abatement  of  that  state,  and  by  the  ex- 
perience of  juvantia  and  lasdentia  in  many  cases  of  it ;  and, 
like  other  spasmodic  diseases,  it  evidently  facilitates  its  own 
return.  But  there  are  many  cases  in  which  the  spasmodic 
paroxysms  are  neither  frequent  nor  violent,  and  the  chronic 
bronchitis  is  the  more  urgent  disease. 

4.  Although  a  degree  of  Bronchitis  probably  always  at- 
tends asthma,  this  is  by  no  means  the  only  pectoral  disease 
on  which  asthma  will  supervene.  In  those  who  have  the 
tendency  to  them,  asthmatic  paroxysms  supervene  on  any 
cause  of  permanent  impediment  to  respiration  ;  e.  g.  on  dis- 
ease of  the  heart,  on  phthisis,  and  on  the  sequelae  of  pneu- 
monic inflammation. 

In  regard  both  to  Pertussis  and  Asthma,  it  is  to  be  remem- 
bered, that  as  the  lungs  are  forcibly  compressed  during  the 
violent  fits  of  coughing,  at  the  same  time  that  the  opening 
for  the  exit  of  the  air  is  narrowed,  these  .diseases  furnish 
the  most  favourable  conditions  for  the  pi'oduction  of  Em- 
physema of  the  lungs,  which  accordingly  very  generally 
supervenes  on  both,  and  is  a  cause  for  permanent  dyspnoea 
when  either  has  been  violent  and  of  long  duration.  It  has 
been  already  stated,  that  after  pertussis  this  state  of  the 
lungs  may  certainly  spontaneously  abate;  but  in  asthmatic 
cases,  when  the  diseasa  becomes  habitual,  it  is  probably 
much  more  permanent  after  being  once  established.  After  a 
time  it  is  very  generally  followed  (aS  already  stated)  by  iu- 

s  s 


642 


OLTLINES  OF  PATIIOI,()(;y. 


duration  of  the  liver,  and  often  by  ascites;  and  tlierefore 
asthma  (altliough  often  recurring  occasionally  for  a  great 
lengtli  of  time,  without  seriously  injuring  the  constitution), 
if  it  recurs  very  frequently,  becomes  at  length  more  danger- 
ous than  simple  chronic  bronchitis 

Tliere  are  some  cases,  in  young  children  especially,  of 
spasmodic  affection  of  the  muscles  of  the  glottis,  producing 
a  sound  exactly  resembling  that  of  hooping  cough,  recur- 
ring occasionally,  chiefly  after  sleep,  without  cougli  or  in- 
dications of  inflammation  ;  and  which  appears  to  be  just  on 
the  same  footing  as  other  spasmodic  or  convulsive  affectioiis 
in  young  .children,  depending  often  on  local  irritations  act- 
ing on  the  body,  and  connected  with,  or  increased  by,  de- 
termination of  blood  to  the  brain. 

Again,  tliere  are  many  cases,  at  all  times  of  life,  where 
the  symptoms  of  laryngitis,  or  cynanche  trachealis,  are  com- 
bined with,  and  aggravated  by,  spasm  at  the  glottis  (as 
those  of  acute  bronchitis  are  with  spasm  of  the  bronchiae  in 
violent  cases  of  asthma)  ;  are  subject  to  remissions,  after  the 
manner  of  spasm,  and  are  benefited  by  the  remedies  for 
spasm,  used  in  combination  with  those  for  inflammation. 

III.  The  next  class  of  diseases  of  the  Nervous  System  is 
that  of  Vesanise,»or  alterations  of  the  mental  powers  or  fa- 
culties; which  we  can  have  no  doubt  depend  on  alteration 
of  the  state  of  the  nervous  matter  in  the  brain;  because  we 
know  that  it  furnishes  the  physical  conditions  necessary  to 
the  manifestation  of  all  mental  phenomena. 

The  diseased  states  to  which  the  mental  powers  are  li- 
able, are  most  easily  understood. as  consisting  in,  or  de- 
pending on,  alterations  of  the  laws  according  to  which  the 
different  thoughts  succeed  each  other  in  the  mind,  and  of 
the  intensity  and  duration  of  the  attention  fixed  on  them, 
rather  than  of  the  nature  of  the  mental  acts  themselves  *. 

The  great  and  obvious  di\  ision  of  these  diseased  states  is 
into  the  state  of  Amentia  or  Fatuity,  and  that  of  Dementia  or 

•  See  I'liysiologr,  p.  21 2, and  225. 
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Insanity,  both  of  which  states  admit  of  very  considerable 
varieties. 

Both  states  are  very  frequently  produced  temporarily  by 
inflammation,  and  by  different  febrile  diseases,  and  more 
permanently  by  organic  diseases,  in  which  the  brain  is  af- 
fected ;  and  both  may  bo  suspected  to  proceed  in  every 
case,  from  some  alteration  of  the  structure  of  the  parts  of 
the  nervous  system,  with  which  the  mind  is  specially  con- 
nected ;  but  this  alteration  is  certainly  in  many  cases  im- 
perceptible by  any  means  yet  known  for  detecting  such 
changes;  and  some  of  the  forms  of  both  kinds  of  mental 
disease  commence  so  s*uddcnly,  and  abate  so  completely, 
that  it  is  difficult  to  suppose  any  peculiarity  of  structure 
that  may  exist  to  be  essential  to  their  existence,  or  to  be  on 
any  other  footing  than  a  great  predisponent  cause  of  them. 

The  state  of  Amentia  is  that  in  which  impressions  on 
the  senses,  although  distinctly  felt,  and  exciting  certain 
mental  acts,  fail  to  suggest  many  of  those  thoughts  which 
in  men  of  sound  minds  would  naturally,  and  according  to 
the  ordinary  laws  of  association  of  thoughts,  result  from 
them.  This  obviously  admits  of  a  subdivision,  according 
as  the  deficiency  lies  in  the  simple  suggestion  of  objects  of 
sense,  or  of  thoughts  previously  before  the  mind  in  connec- 
tion with  each  other, — or  as  it  lies  in  the  suggestion  of  the 
relations  of  things  (which  are  perceived  by  what  was  de- 
scribed as  the  faculty  of  Abstraction),  and  of  the  abstract 
notions  which  were  described,  as  either  naturally  attending 
different  acts  of  mind,  or  formed  by  our  perception  of  the 
relations  of  things, — and  which  are  the  subjects  of  Judg- 
ment and  Reasoning.  In  the  first  case,  there  is  merely  loss 
of  Memory ;  in  the  second  there  is  Idiocy ;  and  both  admit 
of  many  varieties ;  for  in  many  persons  some  of  the  asso- 
ciations by  which  thoughts  are  laid  together  in  the  mind 
are  retained,  while  others  are  lost;  and  again,  in  many  per- 
sons, some  of  the  relations  of  things  are  distinctly  perceived 
and  remembered,  while  others  are  wholly  overlooked. 

The  state  of  permanent  idiocy  is  probably  always  the  ef- 
fect of  original  malformation  (often  obvious  on  inspection 
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of  the  skull)  or  injury  or  alteration  by  disease  of  some  part 
of  the  brain ;  and  when  it  takes  place  in  the  course  of  life 
(as,  e.  g.  after  long-continued  chorea,  or  many  fits  of  epi- 
lepsy) is  seldom  removed,  and  very  often  a  prelude  to  ulti- 
mate coma.  The  loss  of  memory,  though  very  often  de- 
pendent on  organic  lesion,  is  often  observed  in  old  age,  in 
persons  convalescent  from  febrile  diseases,  &c.  without 
visible  change  of  structure ;  and  there  are  some  cases  (chief- 
ly of  the  anomalous  and  slighter  affections  of  the  nervous 
system)  where  it  occurs,  even  repeatedly,  and  disappears  jso 
suddenly  aijd  so  completely,  that  we  cannot  suppose  it  to 
have  been  connected  with  disease  of  structure. 

The  state  of  Somnambulism  or  Reverie,  formerly  men- 
tioned (p.  280.)  although  one  in  which  the  mind  often  acts 
with  great  energy  on  certain  objects  of  thought,  is  yet  pro- 
perly ranked  under  the  bead  of  Amentia,  because  some  of 
the  natural  associations  of  thoughts  are  suspended,  and  the 
conduct  of' the  person  affected  thereby  altered,  (sometimes 
without  any  hallucination  or  delusion  being  perceptible); 
and  when  this  internal  state  of  the  mind  ceases,  little  or  no 
recollection  is  retained  of  what  passed  during  it.  Short 
paroxysms  of  such  a  state  are  not  uncommon,  and  have  of- 
ten been  unconnected  with  any  very  serious  disease  in 
persons  of  the  nervous  temperament,  chiefly  in  women 
subject  to  the  slighter  nervous  diseases  ;  and  sometimes  re- 
cur repeatedly,  the  recollection  of  what  happened  during 
eacb  being  recovered  in  the  next  paroxysm.  And  in  some 
cases  this  perverted  condition  of  the  mental  powers  has 
lasted  so  long,  that  knowledge  previously  obtained,  or  arts 
previously  learnt,  have  been  acquired  again,  during  the  sus- 
pension of  the  associating  principles  which  ought  to  have 
suggested  tbem ;  and  then  the  lost  association  has  been  sud- 
denly restored,  and  the  mind  regained  possession  of  all  that 
had  formerly  been  learnt  *. 

The  state  of  Dementia  or  Insanity  is  perhaps  most  uni- 
formly characterized  merely  by  the  unusual  energy  or  fer- 
vour with  which,  different  acts  of  thought  are  performed, 
•  See  Abercrombie  on  the  Intellectual  Powers,  3d  edition,  p.  303. 
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especially  acts  of  Conception  and  of  Imagination,  and  Emo- 
tions resulting  from  these.  When  such  acts  take  place 
with  morbid  energy,  and  the  attention  is  involuntarily  fixed 
on  them  with  unnatural  force,  so  as  to  exclude  all  other 
thoughts,  which  in  the  circumstances  of  the  case  would 
otherwise  present  themselves,  and  prompt  to  sudden,  capri- 
cious, and  absurd  actions,  Insanity  may  be  sufficiently 
chai'acterized,  (as,  e.  g.  in  some  cases  of  Projecting  or 
Scheming  Insanity),  although  no  distinct  hallucination  or 
delusion  can  be  detected.  But  in  by  far  the  greater  num- 
ber of  cases,  the  morbid  vividness  of  the  conceptions  or  fan- 
cies, in  the  mind  of  the  madman,  overpowering  the  checks, 
which,  in  the  natural  and  healthy  state^  prevent  our  be- 
lieving in  the  real  and  independent  existence  of  the  images 
formed  in  our  minds  *,  he  reposes  belief  in  something 
which  he  has  conceived  or  imagined,  in  like  manner  as  all 
men  do  in  the  images  presented  during  sleep ;  and  this  er- 
roneous belief,  or  hallucination,  "  qua  rerum  relationes 
fals(B  percipiuntur,"  shews  itself  in  his  language  or  actions, 
and  indicates  and  characterizes  his  insanity. 

This  morbid  state  of  great  part  of  the  train  of  thought 
in  the  mind,  obviously  admits  of  very  considerable  variety, 
without  deviation  from  these  essential  characteristics. 

In  some  cases,  all  or  almost  all  the  images  formed  in  the 
mind  are  equally  the  subjects  of  this  erroneous  belief;  so 
that  the  patient,  although  his  mind  will  generally  act  for  a 
short  time  in  the  natural  way  on  any  new  object  presented 
to  his  senses,  and  arresting  his  attention,  yet,  as  often  as  he 
returns  to  those  trains  of  thought,  of  which  conception  and 
imagination  form  a  large  part,  relapses  into  the  varied  hal- 
lucinations that  spring  from  the  faith  erroneously  reposed 
in  the  images  which  these  faculties  present  to  him.  This  is 
the  state  of  the  mind  in  what  is  properly  called  Delirium^ 
so  common  in  febrile  diseases,  and  occurring  occasionally 
in  the  course  of  many  cases  of  more  permanent  insanity. 

In  other  cases,  it  is  only  in  regard  to  certain  objects  of 
thought  that  the  mind  acts  with  morbid  fervour,  and  thcre- 

■  See  Physiology,  p.  21f>. 
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fore  forms  false  judgments;  and  in  regard  to  others,  its 
operations  are  nearly  natural.  This  is  generally  the  case 
when  there  is  no  febrile  action  in  the  system,  and  the 
term  Mania  is  then  more  correctly  applied.  In  some  such 
cases,  the  subjects  of  false  judgment  are  very  limited  and 
unvaried  for  a  great  length  of  time ;  and  such  cases  (called. 
Melancholia  by  Cui.len),  are  now  usually  termed  Mono- 
mania. 

Again,  there  are  many  cases  of  mental  derangement, 
where  the  whole  train  of  thought  is  much  more  rapid  than 
natural ;  and  some  where  it  is  so  rapid  that  the  control  of 
the  will  over  it  (see  p.  229),  is  evidently  suspended ;  and  the 
language  of  the  patient  so  rambling  and  incoherent  as  to 
convey  no  definite  meaning.  This  is  the  state  to  \vhich, 
Pjnel,  and  other  French  authors,  I'estrict  the  word  De- 
mencc.  When  there  is  such  rapidity  of  thought,  the  emo- 
tions attending  the  insanity  are  generally  of  the  exciting 
class,  either  joy  or  anger. 

On  the  other  band,  tbere  are  many  cases  iu  which  the 
train  of  thought  is  much  slower  than  natural,  or  the  succes- 
sion of  acts  of  thought  almost  suspended,  the  mind  dwell- 
ing almost  exclusively  on  particular  images.  In  such  cases, 
these  images  are  usually  attended  by  painful  or  depressing 
emotions,  and  the  term  Melancholy  is  that  generally  ap- 
plied. 

In  many  cases,  along  with,  and  generally  consequent  on, 
the  delusions  and  emotions  attending  them,  there  is,  at  least 
occasionally,  a  propensity  to  violent  and  outrageous  acts ; 
and,  in  some  of  tliem,  this  propensity  shews  itself  so  sud- 
denly, and  with  so  little  apparent  cause  in  the  previous 
language  or  conduct  of  the  maniac,  as  to  have  led  to  the 
supposition  that  it  is  the  sole  disorder  of  the  mind ;  but  it 
does  not  appear  reasonable  or  safe  to  hold  such  a  propensity 
to  be  a  sufficient  indication  of  insanity,  unless  it  be  shewn 
to  coexist  with  some  mental  delusion. 

Again,  there  is  a  distinction,  easily  observed  in  many 
cases,  and  of  considerable  importance,  between  those  forms 
of  insanity,  where  the  delusions  rest  on  erroneous  conceptions 
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of  what  lias  actually  been  before  the  senses,  and  those 
where  they  rest  on  morbid  acts  of  hnagination  only,  Avhere- 
by  persons  or  things  are  invested  with  fancied  qualities, 
wliich  are  not  supposed  to  have  been  actually  under  the 
observation  of  the  maniac,  but  of  the  existence  of  which  he 
nevertheless  entertains  a  thorough  conviction.  This  dis- 
tinction is  expi'essed  by  Dr  Arnold  by  the  terms  Ideal  and 
Notional  Insanity*.  The  delusions  in  a  case  of  delirium 
tremens  from  drinking,  which  are  generally  founded  on 
mrobid  sensations,  and  on  the  recollections  of  these,  are  an 
example  of  the  first  kind;  and  the  common  hallucination  of 
a  combination  or  conspiracy  formed  to  injure  the  affected 
person  (who  generally  supposes,  in  such  cases,  not  that  he 
has  seen  or  heard  proofs  of  what  he  alleges,  but  that  he  has 
divined  the  thoughts  of  his  enemies),  is  of  the  last  kind, 
Avhich  is  probably  the  more  inveterate  malady  of  the  two. 

The  following  facts  are  well  ascertained  by  experience, 
in  regard  to  the  circumstances  in  which  the  diseased  actions 
of  the  nervous  system,  on  which  these  lesions  of  the  mental 
faculties  depend  (but  which  are  known  to  us  only  by  their 
effects),  ai-e  chiefly  observed, 

1.  Abstracting  from  the  case  of  the  delirium  of  fever, 
there  is  only  a  small  portion  of  the  human  race  who  are 
susceptible  of  this  kind  of  disease. 

2.  In  a  very  large  proportion,  probably  a  majority,  of 
those  who  are  affected  in  these  ways,  a  predisposition  from 
hereditary  constitution  may  be  traced. 

3.  In  a  large  proportion  also,  some  of  the  oi'ganic  diseases 
within  the  cranium,  formerly  mentioned,  (p.  604),  are 
found  on  dissection,  with  or  without  serous  effusion,  and 
frequently  there  are  marks  either  there  or  in  other  parts  of 
the  body,  of  scrofulous  disease.  Where  there  has  been  no 
organic  disease,  something  unusual  in  the  form  or  texture 
of  the  bones  of  the  liead  has  often  been  remarked. 

4.  In  those  thus  predisposed,  the  disease  shews  itself 
more  frequently  between  the  ages  of  twenty-five  and  forty, 
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lluui  siny  otlicr  time  of  life :  and  the  earlier  it  does  so,  tliere 
is  the  more  chance  of  at  least  temporary  recovery. 
,  5.  In  those  predisposed,  mania  may  be  excited  by  almost 
auy  qapsG:  adequate  tp  excite  any  kipd  of  disease  ;  probably 
the  inost  frequent  exciting  causes  ai;^ji  intemperance  in  the 
use  of  strong  liquor,  or.iij  vejoere^l  indulgences,  the  irrita- 
tion of  mercury,  long  continued  external  heat,  injuries  on 
the  head,  the  suppression  of  usual  evacuations,  and  mental 
emotiojB.  The  symptoms  attending  a  violent  fit  of  mania, 
excited  by  any  of  these,  as  well  ^s  the  nature  of  the  cayses, 
the  other  diseases  with  which  it  may  be  combined,  the  ju- 
vantia  and  Isedentia,  and  the  effusions  in  the  bx'ain  frequent- 
ly found  after  such  a  fit  has  been  fatal,  clearly  indicate  that 
an  increased  determination  of  blood,  and  frequently  even 
an  inflammatory  action^  h^s  preceded,  and  accompanied  the 
attack;  but  ifl  eve^y  ;§uqjx,,<!ase,  ,a  p^cul^ay  predisposition 
must  have  existed  to  giv.q  this  character  ,  to  the  eflfect  of 
such  morbid  vascular  action ;  and  in  many  of  the  cases, 
where  the  predisposition  is  strong,  little  or  no  excitement 
by  any  of  those  external  circumstances  can  be  perceived. 

The  cases  .pf  insanil;y  whicl^, ^present  the  best  prospect 
a  perfect  recovery  of  the  ipen^l  .ppw;ers,_  are  (jhose  in  which 
the  action  of  a  powerful  excituig  cause  is  the  most  manifest, 
and  previous  disposition  least  obvious ;  but  these  are  also 
the  cases  which  bear  the  closest  analogy  to  inflammation, 
aud  in  which  there  is  perhaps  the  greatest  risk  of  the  ma- 
niacal excitement,  if  npt  moderated  by  remedies,  quickly 
subsiding  into  fatal  cpma.  .  §uch  are  many  of  the  cases  of 
insanity  immediatelv  succeeding  deliAwy.-  „^,„^ 

The  Delirium  Tremens  from  drinking  (but  which  almost 
invariably  commences  after  the  excitement  from  the  strong 
liquor  is  over)  may  be  said  to  differ  from  other  cases  of  in- 
sanity, in  shewing  throughout  its  course  the  action  on  the 
brain  pf  a  substance  which  affects  the  constitutions  of  the 
patients,  on  the  footing  of  a  poison,  but  not  of  a  narcotic 
])oison.  The  mental  hallucinations  are  founded  in  a  great 
measure  on  what  may  strictly  be  called  spectral  illusions, 
and  are  attended  uniformly  with  tremors  resembling  but 
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exceeding  those  of  typhoid  fever.  The  effect  of  this  poison 
to  produce  this  form  of  disease  is  manifestly  determined  by 
previous  predisposition,  the  eifect  being  seen  only  in  a  very 
small  proportion  of  those  to  whom  the  cause  is  applied. 
And  the  specific  action  of  the  poison  on  the  brain  and 
nerves  appears  manifestly  to  be  aggravated  and  maintained, 
sometimes  by  a  morbidly  diminished,  and  at  other  times  by 
an  increased,  action  of  vessels, — as  indicated  both  by  the 
symptoms  accompanying  the  mental  derangement,  and  also 
by  the  juvantia  and  Isedentia ; — the  specific  effect  of  opium, 
in  controlling  the  characteristic  symptoms  of  the  disease 
being  sometimes  certainly  aided  by  antiphlogistic^  and  at 
other  times  by  stimulant  remedies. 

The  peculiar  agency  of  a  cause  affecting  the  nervous  sys- 
tem in  this  disease  after  the  manner  of  a  poison,  is  shewn 
by  the  mode  of  fatal  termination  of  the  disease,  which  is 
hardly  ever  preceded  by  coma,  but  takes  place  almost  in- 
stantaneously, or  in  the  way  of  syncope. 

In  almost  all  other  cases  of  Mania,  the  immediate  dan- 
ger of  death,  in  so  far  as  it  is  connected  with-  the  mental 
disease,  may  be  said  to  depend  on  the  gradual  accession  of 
coma;  and  the  fatal  result  is  accordingly  very  generally 
preceded  by  a  combination  of  other  of  the  cerebral  diseases. 
Epilepsy,  *Phrenitis  or  Hydrocephalus,  &c.  and  very  often 
Fatuity; — which  combinations  may  probably  be  owing  some- 
times to  extension  of  organic  disease  in  the  brain,  and  some- 
times to  accession  of  more  acute  disease  there. 

The  remarkably  partial  affection  of  the  mental  powers, 
in  many  cases  of  Mania  and  Melancholia,  and  the  limita- 
tion of  the  morbid  condition  of  the  mind,  in  many  cases,  to 
its  exercise  on  particular  objects  of  thought,  may  be  thought 
to  favour  the  supposition  of  the  a])propriation  of  individual 
parts  of  the  brain,  either  to  particular  acts  of  mind,  or  to 
acts  of  the  mind  on  particular  subjects ;  but  it  does  not 
appear  on  examination  of  this  subject,  either  that  the  allo- 
cation of  the  different  operations  of  the  mind,  in  the  dif- 
ferent parts  of  the  brain,  proposed  by  Gall  and  Spurz- 
HEiM  and  their  followers,  is  confirmed  by  observation  of  the 
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portions  found  to  be  diseased  in  these  cases  of  partial  in- 
sanity ;  or  that  the  forms  of  the  partial  insanity  itself  cor- 
respond to  their  divisions  and  arrangement  of  the  mental 
acts. 

IV.  It  is  important  to  state  in  regard  to  the  complete 
suspension  of  the  functions  of  the  Nervous  System  in  Coma, 
that  while  that  state  is  clearly  the  effect,  and  often  the 
final  effect,  of  various  external  agents  applied  to  the  brain, 
— of  concussion, — of  mechanical  compression, — of  narcotic 
poisons, — of  venous  blood, — of  congestion  of  blood  in  a  few 
cases,  and  inflammation  and  its  consequences  in  many, — of 
animal  poisons, — and  of  various  kinds  of  disorganization  in 
the  nervous  matter  itself, — there  are  also  cases,  chiefly  in 
persons  of  the  habit  described  under  the  name  of  peculiar 
mobility  of  the  Nervous  System,  in  whom  absolute  coma 
may  be  the  efi^ect  of  a  change  of  action  there,  apparently 
without  change  of  structure,  and  certainly  without"'  per- 
ceptible application  of  any  of  those  causes.  Of  this  the 
most  striking  examples  are  in  the  cases  on  record  of  long 
continued  stupor,  occurring  chiefly  in  women,  and  in  the 
circumstances  stated  above,  (p.  636)  which  have  been  de- 
scribed as  Hysteric  Coma;  and  from  which  there  maybe 
speedy  and  perfect  recovery.  This  is  important  as  an  un- 
equivocal example  of  great  alteration  of  those  imperceptible 
changes  in  the  Nervous  System,  wliich  attend  the  diffe- 
rent acts  of  Sensation,  Thought,  and  Voluntary  Motion, — 
without  any  such  alteration  of  its  texture,  as  is  incompatible 
with  the  speedy  restoration  of  all  its  vital  powers. 
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